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TITLE OF THE INVENTION 

Process for Fabricating Semiconductor Integrated 
Circuit Device, and Exposing System and Mask 
Inspecting Method to De Used In the Process 

BACKGROUND OF THE INVENTION 

The present invention relates to an exposure 
technology and. more particularly, to a technology 
which is effective if applied to the photolithography 
Process of a semiconductor integrated circuit device. 

If the hl f h integration of the semiconductor in- 
tegrated circuit advances so that the circuit elements 
and the wiring design rules come to the sub-micron or- 
der, the Photolithography process for transferring a 
circuit pattern on a mask onto a semiconductor wafer 
by making use of a beam of g- or i- llne ls troubled by 
a serious problem of a reduction in the precision of 
the circuit pattern to be transferred onto the wafer. 
In case, for example, a circuit pattern formed of 
transparent regions Px and P 2 and a shielding region N 
over a mask 20. as shown at (a) ,„ Fig. 1J( ls to be 
transferred onto the wafer. The phases of the lights L 
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Just after having- passed through the paired transpa- 
rent regions Pi and I 5 2 interposing the shielding re- 
gion N are in phase with each other, as shown at (b) 
in the same Figure. As a result, the two lights in- 
terfere with each other at that: portion on the wafer, 
which might otherwise be Intrinsically the shielding . 
region, so that they are intensified (as shown at (c) 
in the same Figure). As a result, the contrast of the 
projected image on the wafer drops with a reduced fo- 
cal depth, as shosvn at (d) in the same Figure, so that 
the pattern transfer precision is seriously degraded. 

As means for solving this problem, there has been 
proposed a phase shift technology for preventing the 
drop of the contrast of the projected image by chang- 
ing the phases of the lights to transmit the mask. In 
Japanese Patent Publication No. 59296/1987, for exam- 
ple, there is disclosed a phase shifting technology, 
in which one of the paired transparent, regions across 
the shielding region is formed with a transparent film 
to establish a phase difference between the lights 
having passed through the two transparent regions at 
the time of exposure so that the interfering lights 
may be weakened at that portion on the wafer, which 
might otherwise be the shielding region. When a cir- 
cuit pattern formed on a mask 21, as shown at (a) In 
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Fig. IK. Is to be transferred onto a wafer, either of 
the paired transparent regions Pl an d P a Interposing 
the shielding- region N Jnbetween Is formed with a 
transparent film 22 having a predetermined refractive 
index. By adjusting the thickness of the transparent 
film 22. moreover, the individual lights having passed 
through the transparent regions P x and P 2 go out of 
Phase of 180 degrees, as shown at (b) in the same Fig- 
ure, so that they interfere with each other in the 
shielding region N on the wafer and are weakened (as 
shown at (c) In the same Figure). As a result, the 
contrast of the projected Image on the wafer is im- 
proved, as shown at (d) in the same Figure, to improve 
the resolution and the focal depth and accordingly the 
transfer precision of the circuit pattern formed on 
the mask 21. 

In Japanese Patent Laid-open No. 67514/1987. on 
the other hand, there Is disclosed a phase shift tech- 
nology, in which a phase difference Is established be- 
tween a light having passed through a transparent re- 
gion and a light having passed through a fine opening 
pattern, by removing the shielding region of a mask 
partially to form the opening pattern and by forming a 
transparent film In either the opening pattern or the 
transparent region existing in the vicinity of the 
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opening pattern, so that the light having passed 
through the transparent region may be prevented from 
having its amplitude distribution expanded transverse- 
ly. 

The phase shifting method, by which one mask is 
formed thereon with an ordinary pattern (or main pat- • 
tern) and a shifter pattern (or accompanying or com- 
plementary pattern) for giving a phase opposed to that 
of the former, will be called hereinafter the "on-mask 
phase shifting method" and will be called the "on-mask 
phase inversion shifting method" especially in case 
the phase shift Is (2n*l);r (wherein n: an integer). 

In Japanese Patent Lald-Open No. 109228/1985, 
moreover, there is disclosed a method, in which two 
masks are simultaneously Illuminated to improve the 
throughput of a projecting exposure so that the por- 
tions of one wafer corresponding to different chips 
may be simultaneously exposed. In Japanese Patent 
Lald-Open No. 107835/1985. on the other hand, there is 
disclosed a technology, in which two masks having an 
identical pattern can be exposed without any trouble 
even if one of them is defective, by dividing one ex- 
posing line into two halves to illuminate the identi- 
cal portion of the two masks and by composing them to 
expose the wafer. 
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However, these two disclosures are not effective 
in the least for improving the resolution although 
they are effective for preventing- the defect on the 
mask pattern from being transferred onto the wafer or 
5 for Improving the throughput. 



SUMMARY OF THE INVENTION 

According to our examinations, the aforementioned 
phase shifting technology of the prior art. in which 
the transmitting region of the mask is in its portion 
with the transparent film so that a phase difference 
may be established between the light having passed 
therethrough and the light having passed through the 
neighborhood transmitting region, is troubled by a 
problem that the manufacture of the mask takes a long 
time period and many works. 

Specifically, the actual mask formed with an in- 
tegrated circuit pattern is complicated by various 
patterns so that the mask makes it seriously difficult 
to select the place to be arranged with the transpa- 
rent film thereby to exert serious restrictions upon 
the pattern design. In case the mask" Is formed with 
the transparent film, on the other hand, in addition 
to the step of inspecting the existence of a defect in 
the Integrated circuit pattern, there is required a 
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step of inspecting the existence of a defect in the 
transparent film so that the mask inspecting- step Is 
seriously complicated. In case, moreover, the mask is 
formed with the transparent film, foreign substances 
to be caught by the mask are increased to make it dif- 
ficult to prepare a clean mask. 

An object of the present invention is to provide 
a phase shifting: technology which has succeeded in 
solving the above-specified problems. 

Another object of the present Invention is to 
provide a size-reducing projection exposure technology 
which Is enabled to give the best image plane to the 
Individual planes to be exposed, If stepped, by a 
single exposure. 

A further object of the present invention is to 
provide a projection exposure technology which can ex- 
tend the exposure limit of a fine pattern by violet or 
ultraviolet rays to a finer range. 

A further object of the present invention is to 
provide a projection exposure technology which can 
compose and expose two master patterns. 

A further object of the present invention Is to 
provide a size-reducing projection exposure technology 
which can compose and interfere two mask patterns to 
be projected and exposed, even In case an Interference 
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distance of a light source is short. 

A further object of the present invention is to 
provide a mask pattern layout technology which is use- 
ful for fabricating an integrated circuit by using the 
phase shifting method. 

A further object of the present invention is to , 
provide a projection exposure technology which is use- 
ful for fabricating an SRAM by using- the phase shift- 
ing method or the like. 

A further object of the present Invention is to 
provide an exposure technology which is useful for 
fabricating a highly Integrated semiconductor circuit 
such as a DRAM having a fine size as small as the ex- 
posure wavelength. 

A further object of the present invention is to 
provide a projection exposure technology which is ef- 
fective for exposing a periodic fine pattern. 

A further object of the present invention is to 
provide a projection exposure technology which is ef- 
fective if applied to an exclmer laser exposure tech- 
nology . 

A further object of the present invention Is to 
provide a mask Inspection technology which is useful 
for inspecting a mask to be used In the phase shifting 
me thod . 
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The Invention to bo disclosed hereinafter will be 
briefly described in the following; in connection with 
Its representatives. 

According to one representative of the present 
invention, there is provided the following exposure 
method. When a predetermined pattern, which Is forme.d 
on a mask and composed of a shielding' region and a 
transparent region, is to be transferred onto a spec- 
imen to be illuminated, by Irradiating the mask with a 
light and Irradiating the specimen with the light hav- 
ing passed through the transparent region of said 
mask, the light emitted from a light source Is divided 
Into two lights, and the phases of the two lights im- 
mediately after having passed through different por- 
tions of said mask are opposed to each other by chang- 
ing the individual optical lengths for said two lights 
to reach said mask. After this, said two lights are 
composed to Illuminate said specimen. 

• According to the above-specified means, the two 
lights immediately after having passed through the 
different portions of the mask have their phases op- 
posed to each other and are then composed to illumi- 
nate the specimen. As a result, one light having 
passed through a predetermined transparent region on 
the mask and the other light having passed through 
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another transparent region on the mask Interfere with 
each other and are weakened in their boundary regions 
at the portions, in which they are arranged close to 
each other, so that the projected image has its con- 
trast Improved drastically. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a diagram showing the whole structure 
of a phase shifting mechanism which is disposed In an 
exposure system according to an embodiment 1-1 of the 
present Invention; 

Fig. in Is an enlarged section showing a mask ac- 
cording to the aforementioned embodiment of the pre- 
sent invention; 

Figs, ic (a) and (b) are top plan views showing a 
pair of circuit patterns formed on the mask; 

Fig. 1C (c) is a top plan view showing a circuit- 
pattern which is obtained by composing the paired cir- 
cuit patterns; 

Figs. ID (a) to (e) are explanatory diagrams 
showing the amplitudes and Intensity of the lights 
which have passed through the transparent region of 
the circuit patterns shown at (a) and (b) In Fig. 1C; 

Figs. IE (a) and (b) are top plan views showing a 
Pair of registering marks formed on the mask; 
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Fig. lE(c) Is a top plan view showing- a circuit 
pattern which is obtained by composing those paired 
registering marks; 

Figs. IF (a) and (b) are top plan views showing: 
5 another example of a pair of circuit patterns formed 

on a mask according to Embodiment l-II of the present, 
invention ; 

Fig. IF (c) is a top plan view showing a circuit 
pattern which is obtained by composing the paired clr- 
10 cult patterns; 

Figs. 1G (a) to (e) are explanatory diagrams 
showing the amplitudes and intensity of the lights 
which have passed through the transparent regions of 
the circuit patterns shown at (a) and (b) in Fig. IF; 
15 Figs. 1H (a) and (b) are top plan views showing- 

other examples of a pair of circuit patterns which are 
formed on a mask according to Embodiment l-III of the 
present invention ; 

Fig-. Ill ( C ) is a top plan view showing a circuit 
pattern which is obtained by composing the paired cir- 
cuit patterns ; 

Figs. II (a) to (e) are explanatory diagrams 
showing the amplitudes and intensity of the lights 
which have passed through the transparent regions of 
the circuit patterns shown at (a) and (b) in Fig. 1H; 
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Figs. 1J (a) to (d) are explanatory diagrams 
showing the amplitudes and Intensity of the lights 
which have passed through the transparent regions of 
the mask of the prior art; and 

Figs. 1K (a) to (d) are explanatory diagrams 
showing the amplitudes and intensity of the lights 
which have passed through the transparent regions of 
the mask of the prior art having the transparent film. 

Fig. 2A is a diagram showing the structure of an 
essential portion of the exposure optical system ac- 
cording to Embodiment 2 of the present invention; 

Figs. 21? (a) and ( b ) are top plan views showing 
examples of the Individual pattern structures of the 
masks of Fig. 2A . and Fig. 213 (c) is a top plan view 
showing a desired pattern which is formed by those 
patterns ; 

Figs. 2C (a) and (b) are top plan views showing 
essential portions of examples of the individual pat- 
tern structures of the masks of Fig. 2A. and Fig. 2C 
(c) is a top plan view showing a desired pattern which 
is formed by those patterns; 

Figs. 21) (a) and (b) are top plan views showing 
essential portions of examples of the individual pat- 
tern structures of the masks of Fig. 2A , and Fig. 2D 
(c) is a top plan view showing a desired pattern which 
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Is formed by those patterns; 

Figs. 2E (a) and (e) are explanatory diagrams 
showing: the amplitudes and intensity of the lights 
which have passed through the transparent regions of 
the masks of Fig:. 2B ; 

Fig-s. 2F (a) to (e) and (d 1 ) are explanatory dla- 
grams showing- the amplitudes and Intensity of the 
lights which have passed throug-h the transparent re- 
gions of the masks of Fig-. 2C; 

Figs. 2G (a) to (e) are explanatory diagrams 
showing- the amplitudes and intensity of the llg-hts 
which have passed through the transparent regions of 
the masks shown in Fig-. 2D; and 

Fig-. 211 is a section showing- the mask; 
Fig-s. 21 (a) to (c) are explanatory diagrams 
showing- a pattern registering- method to be used in the 
system of the present invention. 

Fig-. 3A Is a schematic front section showing- the 
summary of an exposure optical system of a step-and- 
repeat type 5 : 1 size-reducing- projection exposure 
system according- to Embodiment 3 of the present inven- 
tion: 

Fig-. 3B is a section showing a mask which cor- 
responds to the periodic or pseudo-periodic lirie-and- 
space pattern of the aforementioned embodiment of the 
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present invention; 

Fig. 3C (a) is a top plan view showing a main 
mask pattern (or positive mask) which corresponds to a 
stepped periodic pattern of the aforementioned embodi- 
ment ; 

Fig:. 3C (b) Is also a top plan view showing- a 
sub-mask pattern; 

Fig-. 3C (c) Is a top plan view showing a composed 
opening pattern; 

Fig-. 3C (d) Is a section showing a periodic step 
portion of the semiconductor Integrated circuit device 
which is being fabricated on the exposed wafer; 

Fig:. 3D is a diagram showing- the behavior of the 
displacements of an image plane corresponding- to the 
main and sub-patterns in case the phase difference 4> 
of and L a of the foregoing embodiment is displaced 
back and forth from ( 2n + 1 ) * ; 

Fie. 3E (a) is a top plan view showing that one 
of the phase shift registering marks of the foregoing: 
embodiment, which is formed In the main pattern por- 
tion ; 

Fig. 3E (b) is a top plan view showing the phase 
registering opening pattern which is formed in the 
same sub-pattern; and 

Fig. 3E (C) is a top plan view showing the com- 
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posed projection pattern. 

Fig. 4A Is a schematic section showing- a stepper 
system of Embodiment 4 of the present invention. 

Fig". 5A Is a schematic front section showing- the 
exposure projection optical system of a step-and- 
repeat type 5 : 1 size-reducing projection exposure 
system of Embodiment 5 of the present Invention; 

Fig:. 513 Is a schematic front section showing- an 
exposure light source and Illumination (or exposure) 
optical system of the same system; 

Fig:. 5C Is an enlarged section showing: the phase 
difference setting means of the same system; and 

Fig-. 5D is a top plan view showing the wafer 
holding- portion of the same system. 

Fig-. 6A is a top plan view showing a mask pattern 
corresponding to an isolated band pattern according to 
Embodiment 6 of the present invention; 

Fig-. 6B Is a top plan view showing a mask pattern 
corresponding to the Isolated square pattern according 
to Embodiment 6 of the present invention; 

Fig. 6C is a top plan view showing a mask pattern 
corresponding to a Isolated square pattern according 
to a modification of Fig. 613; 

Fig. 6D Is a top plan view showing a mask pattern 
corresponding to an "L"-shaped pattern according to 
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Embodiment 6 of the present Invention; 

Figr. 6E is a top plan view showing; a mask pattern 
corresponding: to an "L"-shaped pattern according to a 
modification of Fig. 6D; 

Fig. 6F is a top plan view showing a mask pattern 
corresponding to a bent isolated band pattern accord- . 
lag to Embodiment G of the present invention; 

Fig*. 6G is a top plan view showing a mask pattern 
corresponding to a bent isolated band pattern accord- 
ing to a modification of Fig. 6F; and 

Fig. Gil is a top plan view showing a mask pattern 
corresponding to an equal-period band pattern accord- 
ing to Embodiment 6 of the present invention. 

Fig. 7A is a top plan view showing a wafer at an 
exposure step according to Embodiment 7 of the present 
invention ; 

Fig. 713 is a top plan view showing a unit expo- 
sure region in an exposure method according to Embodi- 
ment 7 of the present invention; 

Figs. 7C to 7E are flow sections showing a posi- 
tive process according to Embodiment 7 of the present 
Invention; 

Figs. 7F to 711 are flow sections showing a nega- 
tive process according to Embodiment 7 of the present 
invention; 
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Fig. 71 is an overall flow chart showing- a photo 
lithography step in a twin-well SRAM according to Em- 
bodiment 7 of the present invention; 

Figs. 7J to 7P are flow sections showing- the wa- 
fer step of an SRAM corresponding: to Fig-. 71 of the 
present invention; and 

Fig-, 7Q is a top plan layout showing: a chip re- 
gion of the aforementioned SRAM. 

Figs. 8A to 80 are flow sections showing the wa- 
fer step of a DRAM according- to Embodiment 8 of the 
present invention ; 

Fig. 8P is a top plan layout showing a chip re- 
gion of the aforementioned DRAM; and 

Fig. 8Q is a top plan layout showing" a unit rota- 
tion period of the memory cell region of the aforemen- 
tioned DRAM. 

Fig. 9A is a graph for explaining the distribu- 
tions of the amplitude intensity and the energy inten- 
sity of the line in case the adjacent patterns are in 
phase; 

Fig. 913 is a graph showing the same distribution 
in case the phase is shifted (relatively) by 180 de- 
grees from Fig. 9A; and 

Fig. 9C is a schematic section showing an optical 
system for explaining the principle of a size-reducing 
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projection of the present invention. 

Fig:. , 10A is a diagram showing- several conditions 
of an exposing monochromatic light source to be used 
in the exposure method of the present invention. 

Fig. 11A is a simplified front section showing 
the 5 : 1 size-reducing exposure system of Embodiment 
11 of the present invention, in which all the projec- 
tion lens systems are shared by making use of a tele- 
centric structure at an objective side. 

Fig. 12A is a simplified front section showing a 
mask inspecting system according to Embodiment 12 of 
the present invention. 

Fig. 13A is a simplified front section showing a 
s tep-and-repeat type 5 : 1 size-reducing projection 
exposure system of Embodiment 13 of the present inven- 
tion using two Ught sources which are not coherent 
with each other; and 

Fig. 1313 is a mask or wafer top plan view showing 
the layout of a unit exposure region to be exposed by 
the exposing method of Fig. 13A. 

Fig. X is a simplified front section showing a 
s tep-and-repeat type s 1 ze- reduc i ng exposure system 
(using light sources which are not coherent with each 
other) for explaining the exposing method of Embodi- 
ment 14 of the present invention; 
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Fig:. 14D is a top plan layout showing: a unit ex- 
posure region (such as the mask or wafer) in the a- ' 
forementioned method of Fig. 14a ; an( ] 

Fler. 14C is a top plan pattern view showing- the 
mask to be used in the aforementioned method of Fig-. 
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Fig-. 15A Is a top plan view showing a pattern on 
n wafer, which corresponds to a pseudo-periodic pat- 
tern of Embodiment 15 of the present invention; 

Fig. 1513 is a top plan view showing a pattern on 
a wafer, which corresponds to another pseudo-periodic 
pattern of the aforementioned embodiment; 

Fig. 15C is a top plan view showing- a pattern on 
a wafer, which corresponds to still another pseudo- 
perlodic pattern of the aforementioned embodiment; 

Fig. 151) is a top plan layout or a superposed top 
Plan layout showing cither an on-mask corresponding to 
a pattern on the wafer of Fig-. ISA or a mask in a 
multi-mask phase shifting method; and 

Figs. 15E and 15F are top plan layouts correspon- 
ding to Figs. 15D and 15C. respectively. 

Fig-. 16A is a table enumerating photo resists to 
be used for practicing the present invention. 

Fief. 17A is a simplified front section showing- a 
step-and-repeat type 5 : 1 size-reducing projection 
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exposure system for an exposure method In which an ac- 
companying pattern according to Embodiment 17 of the 
present invention; and 

Fie. 17D is a superposed mask pattern for ex- 
plaining the same method. 

Fi & . 18A is a front section showing- a simplified , 
multl-mask-stepper according to Embodiment 18 of the 
present invention. 

Fig-. 19A is a front section showing a pair mask 
(or pattern) exposure system (or stepper) according to 
a single mask substrate of Embodiment 19 for explain- 
ing the structure of an individual illumination light 
source of the exposure system of each embodiment of 
the present Invention. 

Fig. 20A is a diagram showing the overall struc- 
ture of a two-dimensional phase adjusting system ac- 
cording to Embodiment 20 of the present Invention; 

Fig. 2013 is a top plan view showing the same two- 
dimensional phase shifting plate; 

Fig. 20C is a section showing the same two- 
dimensional phase shifting plate; and 

Fig. 20D is a table showing crystals having the 
electrochemical effect to be used in the same phase 
shifting plate. 
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DETAILED DESCRIPTION OF THE INVENTION 

The following description of the embodiments of 
the present invention will be divided into a plurality 
of Items for conveniences, but the Individual embodi- 
ments belong not to different inventions but to por- 
tions or modifications of a step relating to a single, 
invention. Therefore, any overlapped portion will not 
be described unless otherwise necessary. Moreover, 
the reference numbers to be used In the following em- 
bodiments designate the parts performing identical or 
similar functions, unless otherwise specified, if they 
have identical numerals in the lower two figures. 
(1) Embodiment 1 

Fig. 1A shows a phase shifting mechanism 1 of an 
exposure system according to Embodiment 1-1 of the 
present invention. 

Tho plwi;:<i shi ( t int: mocha n J. sni 1 is constructed of 
an optical system which is interposed between a light 
source 2 for the exposure system and a specimen 3 to 
be irradiated and which Includes a beam expander 4, 
mirrors 5, 6 and 9. half mirrors 7 and 8, a corner 
mirror 10, an optical path varying mechanism 11 for 
driving the corner mirror 10 finely, a pair of lenses 
12a and 12b. and a size-reducing lens 13. In the 
alignment system of this optical system, there is 
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positioned a mask 14 which is formed with the original 
image of a pattern to be transferred to the aforemen- 
tioned irradiated specimen 3. The mask 14 is a one 
(e.g., reticle) to be used in the process for fabri- 
cating- a semiconductor integrated circuit device, for 
example, and the irradiated specimen 3 is a semicon- 
ductor wafer which is made of single crystal of sili- 
con, for example. 

A light L such as the i-line (having a wavelength 
of 365 nm) emitted from the light source 2 is expanded 
by the beam expander 4 and is then refracted through 
the mirror 5 in a direction normal to the principal 
plane of the mask 14. After this, the refracted light 
is divided through the half mirror 7 disposed midway 
of the optical path into two halves: a straight light 
Lx and a perpendicular light L 2 . This light L 2 is re- 
fracted through t.ho mirrr.r 0 and tho corner mirror 30 
until it irradiates another portion of the mask 14 by 
way of a path different from that of the light Lx . 
These two lights L x and L 2 thus having passed through 
the different portions of the mask 14 are guided 
through the lenses 12a and 12b and are then composed 
into one light L 1 through the mirror 6 and the half 
mirror 8. After this, the single light L' is reduced 
by the size-reducing lens 13 and irradiates the speci- 
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men 3 which Is positioned on an X-Y table 15. 

Since the aforementioned phase shifting: mechanism 
1 has different optical paths for the two lights Li 
and L 2 from the half mirror 7 to the mask 14, a desir- 
5 ed phase difference can be established between the two 
lights L x and L 2 immediately after passage through the, 
mask 14 by changing the height (or the optical path of 
the light L 2 ) from the principal plane of the mask 14 
to the corner mirror 10. For example, the phases of 

10 the two lights Lx and L 2 immediately after having 
passed through the mask 14 can be opposed to each 
other (to give a phase difference of 180 degrees) by 
moving the corner mirror 10 vertically from an origin, 
which Is assumed to be the position of the corner mir- 

15 ror 10 when the two lights Lx and L 2 Immediately after 
having passed through the mask 14 are in phase, by a 
distance (d) which \r do fined by the following formu- 
la: 

d= (2m + 1) A. / 4 
20 (X : wavelength of the light; and 

m : an integer) . 
The vertical movement of the aforementioned corner 
mirror 10 can be accomplished by using the optical 
path varying mechanism .11 using a piezoelectric con- 
25 trol element or the like. 
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Fig:. ID is an enlarged view showing- the section 
of the aforementioned mask 14. 

This mask 14 is made of transparent synthetic 
quartz having a refractive index of about 1.47 and has 
its principal plane formed with a metal layer of Cr or 
the like having a film thickness of about 500 to 3,000 

0 

A. For the exposure, the metal layer 1G provides 
shielding regions A for inhibiting transmission of 
lights, and the remaining region provides a transpa- 
rent region B for transmitting lights. An integrated 
circuit pattern is formed of the aforementioned 
shielding regions A and transparent region B and has a 
size of five times as large as the actual one, for ex- 
ample . 

Figs. 1C (a) and (1)) present examples of the in- 
tegrated circuit patterns formed on the aforementioned 
mask 14. A circuit pattern P,, as shown at (a) In the 
same Figure, is formed of the hatched shielding region 
A and the L-shaped transparent regions B , for example, 
which are surrounded by that shielding region A. On 
the other hand, the transparent regions B of a circuit 
pattern P 2f as shown at (b) in the same Figure, are 
patterned by arranging the shielding regions A, which 
have the same shape and size as those of the trans- 
parent regions B of the circuit pattern P x . in the 
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transparent regions H, which have the same shape but 
an enlarged size as that of the transparent regions D 
of the circuit pattern P x . In other words, the trans- 
parent regions 13 of the circuit pattern P z are sub- 
stantially Identical to the patterns of the peripheral 
portions of the transparent regions D of the circuit 
pattern P x . These two circuit patterns P x and P 2 are 
paired to transfer the (hatched) circuit pattern P, as 
Indicated at (c) in Fig. 1C. highly precisely to the 
wafer, and are arranged In predetermined portions of 
the mask 14 and at a predetermined pitch. 

'Next, the method of preparing the aforementioned 
mask 14 will be briefly described In the following. 

First of all, a synthetic quartz plate has its 
surface polished and rinsed. After this, a Cr film 
having a thickness of about 500 to 3,000 A, for ex- 
ample, is deposited all over the principal plane of 
the quartz plate by the sputtering method. Subse- 
quently, a photo resist is applied to the whole sur- 
face of the Cr film. Next, on the basis of the in- 
tegrated circuit pattern data which are coded In ad- 
vance in a magnetic tape or the like, an integrated 
circuit pattern is drawn on the photo resist by an 
electron beam exposing method. After this, the ex- 
posed portion of the photo resist is removed by a 




development, and the exposed Cr film is removed by a 
wet etching: to form the Integrated circuit pattern. 
The pattern data of the aforementioned paired circuit 
patterns P x and P 2 can be automatically prepared ei- 
ther by expanding- or reducing the data of the shield- 
ing region A or the transparent regions B of one of 
the circuit patterns or by taking a logical product 
between the Inverted data of one circuit pattern and 
the data of the other circuit pattern. For example, 
the pattern data of the circuit pattern P 2 can be 
automatically prepared by taking a logical product be- 
tween the enlarged data of the pattern of the trans- 
parent regions D of the circuit pattern P x and the In- 
verted data of the transparent regions B of the cir- 
cuit pattern Pi. 

* 

In order that the Integrated circuit pattern 
prepared on I ho » Tor omen 1 1 oned mask 14 may be trans- 
ferred onto the wafer 3. the wafer 3 having- the photo 
resist applied to its surface is positioned is posi- 
tioned at first on the X-Y table 15 of the aforemen- 
tioned exposing system shown in Fig:. 1. and the mask 
14 Is then positioned in the alignment system. Spec- 
ifically, this mask 14 is so positioned that, when one 
light divided by the half mirror 7 Is guided to ir- 
radiate one P x of the aforementioned paired circuit 
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patterns P, and P 2 . the other light L= may be precise- 
ly guided to Irradiate the other circuit pattern P 2 . 
Next, the corner mirror 10 Is vertically moved to ad- 
Just the phase difference such thut the two lights Li 
and La iinmedla to] y after having passed through the 
mask 14 may be opposed to eacli other. In order to 
perform the positioning of the mask 14 and the adjust- 
ment of the phase difference between the two lights L x 
and L 2 precisely, there are used, for example, a pair 
of positioning marks Mi and M z which are formed on the 
mask 14, as shown at (a) and (b) In Fig. IE. Each of 
the marks Mi and Ma is formed of a pattern, which has 
the hatched shielding region A and the transparent 
regions D having a square shape, for example, and sur- 
rounded by the shielding region A. and have absolutely 
identical size and shape. In case the positioning of 
the mask 14 and the adjustment of the phase difference 
between the lights Lx and La are precisely accomplish- 
ed, the light L a having passed through the mark Mi and 
the light La having passed through the M 2 interfere 
with each other and completely disappear so that a 
projected image M of the marks Mi and M» is not formed 
on the wafer 3. In other words, whether or not the 
positioning of the mask 14 and the adjustment of the 
Phase difference between the lights Li and La are pre- 
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cJsely accomplished can ho easily decided by discrimi- 
nating- the presence of the projected image M on the 
wafer 3. 

After the positioning of the mask 14 and the ad- 
justment of the phase difference between the light L* 
and L 2 have been thus accomplished, the original image 
of the integrated circuit pattern formed on the mask 
14 is optically reduced to 1/5. for example, and pro- 
jected on the wafer 3. The aforementioned operations 
are repeated while moving the wafer 3 sequentially 
s tepwl se . 

I r ig. ID (a) is a section showing the mask 14 in 
the region where the aforementioned circuit pattern P x 
is formed, and Fig. II) (b) is a section showing the 
mask 14 In the region where the aforementioned pattern 
Pa is formed. 

The light La. immediately after having passed 
through the transparent regions B of the circuit pat- 
tern P A and the light L a immediately after having 
passed through the transparent regions D of the cir- 
cuit pattern P 2 are opposed in phase to each other, as 
shown at (a') and (b') in Fig. in. since, moreover, 
the transparent regions H of the circuit pattern P a 
are identical to the patterns of the peripheral por- 
tions of the transparent regions 13 of the circuit pat- 




tern P x , the composed light L ' of the two lights L x 
and L a take the amplitude which is shown at (c) in the 
same Figure. As a result, if the composed light L' 
irradiates the wafer 3, it is weakened by the inter- 
ference at the boundary of the original lights Li and 
L 2 , as indicated at (d) in the same Figure. As a re- 
sult, as shown at (e) in the same Figure, the contrast 
of the image projected on the wafer 3 is drastically 

improved to improve the resolution and the focal depth 

« 

drastically. 

Thus, in the exposing system of the present Em- 
bodiment 1, the light L emitted from the light source 
2 is divided into the two lights L x and L 2 , and these 
two lights L x and L 2 immediately after having passed 
through the mask 14 are opposed in phase to each other 
by changing the optical paths for the two lights Lx 
and I J= > to reach the mask 14. After this, these two 
lights L x and L 2 are composed to irradiate the wafer 
3. Moreover, the mask 14 of the present Embodiment 1 
has such paired circuit patterns P x and P 2 that the 
transparent regions B of one circuit pattern P 2 are 
identical to the patterns of the peripheral portions 
of the transparent regions B of the other circuit pat- 
tern Px. As a result, by transferring the integrated 
circuit pattern formed on the aforementioned mask 14 
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onto the wafer 3 by us Ins the aforementioned exposing 
system, the light L ' , which is obtained by composing 
the light Lx having passed through the transparent 
regions D of the circuit pattern P x and the light L 2 
having passed through the transparent regions D of the 
circuit pattern P 2 , Is weakened by the interference at 
the boundary between the original lights Li and L a so 
that the contrast of the image projected on the wafer 
3 can be drastically improved to transfer the circuit 
pattern P highly precisely to the wafer. 

As a result, the following effects can be at- 
tained in the exposing method of the present Embodi- 
ment 1-1 . 

(1) Since the mask need not be equipped thereon with 
phase shift means such as a transparent film, unlike 
the phase shifting technology of the prior art, there 
is no restriction on the pattern design. In the pre- 
sent Embodiment 1-1, when one circuit pattern Is to be 
transferred onto the wafer, a pair of circuit patterns 
have to be formed on the mask. These paired circuit 
patterns can be automatically formed either by expand- 
ing or reducing the data of the shielding region or 
transparent regions of one circuit pattern or by tak- 
ing a logical product between the inverted data of one 
circuit pattern and the data of the other circuit pat- 
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tern. 

(2) There is no necessity for that step for inspect- 
ing the existence of a defect in the transparent film, 
which has been indispensable for the phase shifting 
technology of the prior art. In the present Embodi- 
ment l-i, the defect Inspection of the paired circuit- 
patterns can be practiced like the ordinary mask by 
making a comparison with the original pattern data. 
Moreover, the size Inspection can also be practiced 
like the ordinary mask by the laser photometry or the 
like. As a result, the mask inspecting step is not 
complicated . 

(3) Since the mask is not equipped thereon with the 
phase shifting' means such as the transparent film or 
the like, it can be rinsed by a method like that of 
the ordinary mask. As a result. It is possible to 
form a mask which has no foreign obstacle as in the 
ordinary mask. 

(4) Thanks to the aforementioned items (1) to (3). 
the transfer precision of the circuit pattern can be 
improved without requiring neither long time nor much 
work for preparing the mask. 

Figs. IF (a) and (b) show another example (i.e.. 
Embodiment 1-H) of the paired circuit patterns which 
are formed on the mask of the foregoing Embodiment 1- 
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Each of the circuit pattern P x shown at (a) In 
the same Figure nd the circuit: pattern P 2 shown at (b) 
in the same Figure Is formed with the hatched shield- 
ing- region A and the transparent regions D having a 
rectangular shape, for example, and enclosed by the 
shielding region A. The paired circuit patterns P x 
and P 2 are provided for transferring the (hatched) 
circuit pattern P, as shown at (c) in the same Figure, 
highly precisely to the wafer and are arranged in pre- 
determined positions of the mask 14 and at a predeter- 
mined spacing. The circuit pattern P includes four 
patterns P A , P u . P c and P 0 which are identical in size 
and shape to one another. The transparent region 
of the circuit pattern P a corresponds to the pattern 
P>v, and the transparent region D c of the circuit pat- 
tern Pi corresponds to the pattern r c . Moreover, the 
transparent region B„ of the circuit pattern P 2 cor- 
responds to the pattern P„ , and the transparent region 
Do of the circuit pattern P z corresponds to the pat- 
tern P D . In short, the circuit pattern P is one, in 
which the individual transparent regions B of the 
paired circuit patterns P x and P 2 are alternately ar- 



Fig. 1G (a) is a section showing a portion of the 
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mask 14 in the region where the aforementioned circuit 
pattern P x is formed, and Fig. 1G (b) is a section 
showing: a portion of the mask 14 in the region where 
the aforementioned circuit pattern P* is formed. 

The light Li immediately after having passed 
through the transparent regions D of the circuit pat- 
tern Fx and the light L 2 immediately after having 
passed through the transparent regions D of the cir- 
cuit pattern P z are opposed in phase to each other, as 
shown at (a*) and (b') in Fig. 1G. Moreover, the com- 
posed light L' of the two lights L x and L a have their 
boundaries close to each other, as shown at (c) in the 
same Figure. As a result, if the composed light L* is 
guided to irradiate the wafer 3, it Interferes and is 
weakened at the boundary of the original lights Lx and 
L 2 , as shown at (d) in the same Figure. As a result, 
as shown at (c) in the same Figure, the contrast of 
the image projected on the wafer 3 Is drastically im- 
proved to improve the resolution and focal depth dras- 
tically. 

Figs. Ill (a) and (b) show another example (I.e., 
Embodiment l-III) of the paired circuit patterns 
formed on the mask of the aforementioned Embodiment 1- 
I . 

The circuit pattern P x , as shown at (a) in the 
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same Figure, is formed of the hatched shielding- region 
A and the transparent regions D which have square 
shapes, for example, and are enclosed by that shield- 
ing region A. On the other hand, the transparent re- 
gions B of the circuit pattern P 2 , as shown at (b) in 
the same Figure, arranged outside of the individual 
sides of the transparent: regions H of the circuit pat-' 
tern Pi. These paired circuit patterns P x and P 2 are 
provided for transferring the (hatched) circuit pat- 
tern P, as shown at (c) in the same Figure, highly 
precisely to the wafer. The two circuit patterns Pi 
and P' = are arranged in the predetermined positions on 
the mask 14 and at a predetermined spacing. 

Fig. II (a) is a section showing a portion of the 
mask 14 in the region wherein the aforementioned cir- 
cuit pattern P x is formed, and Fig. II (b) is a sec- 
tion showing a portion of the mask 14 in the region 
wherein the aforementioned circuit pattern P 2 is form- 
ed . 

The light Li immediately after having passed 
through the transparent regions D of the circuit pat- 
tern Pi and the light L 2 Immediately after having 
passed through the transparent regions D of the cir- 
cuit pattern P a are opposed in phase to each other, as 
shown at (a 1 ) and (b*) in Fig. II. Moreover, the cora- 
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posed light L f of the two lights Li and L 2 have their 
boundaries close to each other, as shown at (c) in the 
same Figure. As a result, if the composed light L ' is 
guided to irradiate the wafer 3, it interferes and is 
weakened at the boundary of the original lights Li and 
L 2> as shown at (d) in the same Figure. As a result, 
as shown at (e) in the same Figure, the contrast of 
the image projected on the wafer 3 is drastically im- 
proved to improve the resolution and focal depth dras- 
tically. 

Although our Invention has been specifically de- 
scribed on the basis of its embodiments, it should not 
be limited to the aforementioned embodiments but can 
naturally be modified in various manners within the 
scope thereo f . 

The description thus far made is directed mainly 
to the case, jn which our invention j s applied to the 
mask used in the process for fabricating a semiconduc- 
tor Integrated circuit device or its background field 
of application. Despite of this description, however, 
the present invention should not be limited thereto 
but can be widely applied to the exposure technology 
for transferring a predetermined pattern formed on a 
mask by Irradiating a specimen with the light having 
passed through said mask. 
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The effects to be attained by the representative 
of the Invention disclosed herein will be briefly de- 
scribed in the following-. 

Thus, there is provided the following exposure 
method. When a predetermined pattern, which is formed 
on a mask and composed of a shielding- reg-lon and a 
transparent region, is to be transferred onto a spec- 
imen to be illuminated, by Irradiating the mask with a 
light and Irradiating the specimen with the light hav- 
ing passed through the transparent region of said 
mask, the light emitted from a light source is divided 
into two lights, and the phases of the two lights Im- 
mediately after having passed through different por- 
tions of said mask are opposed to each other by chang- 
ing the individual optical lengths for said two lights 
to reach said mask. After this, said two lights are 
composed to illuminate s,-,fd specimen. According to 
this exposure method, one light having passed through 
the predetermined transparent regions on the mask and 
the other light having passed through the other trans- 
parent regions on the mask interfere with each other 
and are weakened at the portions, in which they are 
arranged close to each other on the specimen, so that 
the contrast of the projected image can be remarkably 
Improved . 
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As a result, the transfer precision of the pat- 
tern can be Improved with neither long time nor much 
labor for fabricating the mask. 
(2) Embodiment 2 

The representative of the invention to be dis- 
closed In the present embodiment will be briefly de- 
scribed In the following. 

According to the first mode of the present inven- 
tion, there is provided a mask including first and 
second patterns each having a shielding region and 
transparent regions, so that a desired pattern may be 
formed on a specimen to be irradiated, by Irradiating 
said two kinds of patterns with two lights having a 
Phase difference and at least a partial coherence and 
by composing the transmitted patterns of said lights, 
wherein the improvement resides in that said first 
Pattern and said second pattern arc formed on either a 
common substrate or two separate substrates so that 
the light having passed through the transparent re- 
gions of said first pattern and the light having pass- 
ed through the transparent regions of said second pat- 
tern may interfere with each other and be weakened. 

According to the second mode of the present in- 
vention, there is provided an exposure system compris- 
ing: a light source for emitting a luminous flux hav- 
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ing at least a partial coherence; luminous flux divid- 
ing means for said coherent luminous flux into two 
halves; an optical phase shifting member disposed in 
either of the optical paths for composing the luminous 
fluxes again from said luminous flux dividing means; 
an optical system for composing the luminous fluxes 
having passed through a first pattern and a second 
pattern into a single luminous flux; and an optical 
system for reducing and projecting said single lumi- 
nous flux on a specimen to be irradiated, wherein the 
improvement resides in that the phases of the light 
having passed through the first pattern and the light 
having passed through the second pattern are shifted 
as long as 180 degrees by said optical phase shifting 
member to form a composed desirable pattern on said 
specimen . 

According to the third mode of the present inven- 
tion, there is provided an exposure system wherein the 
first and second patterns on said first mask are ir- 
radiated with two lights having a phase difference and 
at least a partial coherence so that the desired pat- 
tern is formed on said specimen by composing the 
transmitted patterns of said lights. 

Incidentally, the luminous flux having at least a 
partial coherence is intended herein to mean the luml- 
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nous flux having such coherency as can achieve the In- 
terfering- and weakening effects. 

In the present embodiment, moreover, the boundary 
Is intended to Include not only the boundary of the 
sections forming the aforementioned desired pattern 
but also the region contained by the two sections. 

According to the aforementioned means, in order 
that the light having passed through, the transparent 
regions of the first pattern and the light having 
passed through the transparent regions of the second 
Pattern may interfere with each other and be weakened 
at the boundary required to have the precision of the 
desired pattern, the first and second patterns on the 
mask are irradiated with the two lights having a phase 
difference and at least a partial coherence, so that 
the desired pattern may be formed on the specimen by 
composing the transparent patterns of those lights. 
As a result, it is possible to improve the transfer 
Precision of the boundary which is required to have 
the precision of the desired pattern. 

Fiff. 2A is a diagram showing the structure of an 
essential portion of an exposing optical system ac- 
cording to one embodiment of the exposure system using 
the mask of the present invention; Figs. 2B to 2D are 
top plan views showing an essential portion of the 
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mask of the present invention using- the aforementioned 
exposing- optical system; and Fig-s. 2E to 2G are ex- 
planatory diagrams corresponding- to the Figs. 2B to 
2D, respectively, and showing the amplitudes and in- 
tensity of the lights having- passed through the mask. 

The exposure system of the present embodiment is 
roughly divided into four functional elements. The 
first is the (first) element for irradiating a mask 
209 with two luminous fluxes having a phase differ- 
ence; the second is the (second) element made of the 
mask 209; the third is the (third) element for compos- 
ing the two lights having passed through the mask 209 
to reduce them and irradiate a specimen 215 with the 
reduced lights; and the fourth is the (fourth) element 
including an alignment mechanism for adjusting the 
composition of a single luminous flux. 

The first element is constructed to include: a 
light source 201 for emitting a partially coherent 
lig-ht; an expander 202 for expanding the light emitted 
from the light source 201; mirrors 203 and 206 for 
folding the optical path; a half mirror 204 for trans- 
mitting an incident light partially and reflecting It 
partially; and a phase shifting member 205 for chang- 
ing the phase of the light. On the other hand, the 
third element is constructed to Include: lenses 210 
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and 211 for arranging two lights having passed through 
the mask 209 Into parallel lights; a mirror 212; a 
half mirror 213; a size-reducing lens 214 for reducing 
the light; the specimen 215; and a movable specimen 
table 216. The fourth element is constructed to in- 
clude: an alignment mechanism 207 for moving the mir- 
ror 203. the half mirror 204. the lens 210 and the 
mirror 212; and a control circuit 208 for the align- 
ment mechanism 207. 

In the aforementioned structure, the mirror 203 
Is provided for reducing the size of the system in its 
entirety but may be dispensed with by introducing the 
light directly from the expander 202. The half mirror 
204 has a function to divide the light coming from the 
expander 202 into two halves and is arranged over the 
first pattern 209a on the mask 209. The phase shift- 
ing member 205 is Interposed between the half mirror 
204 and the mirror 205 or between the mirror 212 and 
the half mirror 213 and has an action to shift the 
phase to a predetermined extent. The phase shifting 
member 205 is made of a synthetic quartz having a re- 
fractive index of 1.47. for example. If the mask 209 
Is arranged so that a first luminous flux 230 coming 
from the mirror 212 and a second luminous flux 231 
coming from the lens 211 have their phase difference 
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reduced to 0 in the state without the phase shifting 
member 205. the phase shifting member used has the 
following thickness d: 

d = ml / 2(n - 1) ( m: an integer), 

wherein: the light source has a wavelength X ; 
and the member has a refractive index n. 
The reason why the phase shifting member 205 is 
used is to establish the phase difference of 180 de- 
grees at the time of exposure between the lights hav- 
ing passed through the two transparent regions, i.e.. 
the light having passed through the phuse shifting 
member 205 and the light not having passed through the 
Phase shifting member 205. In case, for example, the 
light to be emitted for the exposure time has a wave- 
length of A = 0.365 U m (i.e.. the i-line) whereas 
the phase shifting member 205 has a refractive index 
of n = 1.5, the phase shifting member 205 may be given 
a thickness X, of m (i.e.. an Integer) times as large 
as 0.365 u m. 

The mirror 206,1s one for guiding the light hav- 
ing passed through the half mirror 204 and the light 
having passed through the phase shifting member 205 in 
parallel. Incidentally, the mask 209 has its two pat- 
terns 209a and 209b arranged thereon at a right angle 
with respect to the two lights 330 and 331. 
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The lenses 210 and 211 are arranged to have their 
optical axes aligned with the centers of the patterns 
209a and 209b, respectively . The half mirror 213 is 
one for composing- the two lights 230 and 231. For 
this composition, the mirror 212 has a function to 
fold the light 230. 

The alignment mechanism 207 for the fourth ele- 
ment is constructed to include a mechanism for moving 
that portion of the optical system of the exposure 
system, which is necessary for the positioning, and is 
exemplified by a piezoelectric element. In Fig. 2A , 
the alignment mechanism is constructed to move the 
mirror 203, the half mirror 204, the lens 210 and the 
mirror 212. Depending upon the structure of the ex- 
posure system, however, the kinds and numbers of the 
optical elements to be moved are naturally varied. 
Incidentally, the method of controlling the movement 
of this alignment mechanism 7 will be described here- 
inafter. 

Next, the structure of the mask 209 or the second 
element of the present Invention will be described in 
the following. 

First of all, it Is assumed that the (desired) 
pattern to be formed on the specimen 215 be a pattern 
having a shape of inverted letter "L" and a two-di- 
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mensional extension, as shown at (c) in Fig. 2B 
Figs. 2B (a) and (b) are top plan views showing- in- 
dividual examples of the first pattern 209a and the 
second pattern 209b, which are formed on the mask 209 
so as to form such desired pattern. These examples 
are arranged while holding the relative positional 
relation by considering the desired pattern to be com- 
posed by the specimen 215, as shown at (c) in the same 
Figure. 

The first pattern 209a and the second pattern 
209b are individually formed by combining the shield- 
fjj ine regions and the transparent regions. These pat- 

ul terns may be formed on a single substrate but sepa- 

ls rately on two glass substrates. In this case, how- 

ever, even the difference between the thicknesses of 
the glass substrates is corrected in terms of the 
thickness of the aforementioned phase shifting member. 
Incidentally, the transparent regions are indicated by 
blanks, and the shielding regions are hatched, as 
shown in Fig. 2B. 

A transparent pattern 232 at (a) of Fig. 2B has a 
transparent region having u shape of Inverted letter 
"L", and a transparent pattern 236 at (b) of Fig. 2B 
has a shielding region 234 having a shape of inverted 
letter "L" , which is made slightly smaller and ar- 
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ranered in the transparent region of the inverted let- 
ter "L" , so that it takes a band-shaped transparent 
region 236. 

Next, the operations of the present invention 
will be described in the following. 

The light emitted from the light source 201 to 
have at least a partial coherence is expanded by the 
expander 202 and has its optical path folded by the 
mirror 203 until it is divided into two luminous 
fluxes by the half mirror 204. The half mirror 204 
used usually has a transmi ttance of 50 % and a reflec- 
tivity of 50 % (i.e.. equal reflectivity and transmit- 
tance). The phase shifting member 205 is arranged in 
the optical path of one of the two optical systems for 
the two divided luminous fluxes. The light having 
passed through the phase shifting member 205 is given 
a phase difference of 180 degrees and is then guided 
by the mirror 206 to irradiate the second pattern 209b 
of the mask 209. On the other hand, the light having 
passed through the half mirror 204 irradiates the 
first pattern 209a of the mask 209. 

The two luminous fluxes having passed through the 
two patterns 209a and 209b on the mask 209 are guided 
again into parallel ones by the lenses 210 and 211 and 
are then composed. Specifically, the first light 230 
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having passed through the first pattern 209a has its 
optical path folded by the mirror 212 and is then com- 
posed into a single luminous flux with the second 
light 231 having passed through the lens 211 by the 
action of the half mirror 213. 

After this, the specimen 215 held on the movable 
specimen table 216 is irradiated by the size-reducing 
lens 214 with the composed one of the patterns 209a 
and 209b at the two portions on the mask 209. to form 
the desired pattern on the specimen 215. 

Here, when the desired pattern shown at (c) in 
Fig. 2B is to be projected, the transfer precision of 
the pattern of the mask 209 is improved if the trans- 
mitted lights of the first pattern 209a and the second 
pattern 209b are composed with the phase difference of 
180 degrees. The reason for that improvement will be 
described in the following. 

First of all. as has been described hereinbefore, 
by considering the size-reducing ratio, the first pat- 
tern 232 of the mask 209 is formed into the pattern 
232 which has a slightly larger outer circumference 
than that of the desired pattern 229 and having the 
transparent region in its inside. By considering the 
size reducing ration, moreover, the second transparent 
Pattern 236 is formed into the band-shaped transparent 
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pattern which is prepared by subtracting the shielding 
pattern 234 having the same size as that of the desir- 
ed pattern 229 from the first pattern 232. 

With this structure, in the peripheral region 238 
of the desired pattern 229 to be determined, the 
transmitted light coming from the second transparent 
pattern 236 and the transmitted light coming from the 
band region 236" inside of the first transparent pat- 
tern 232 can be weakened as a result of their inter- 
ference to sharpen the boundary of the desired pattern 
229. Since, moreover, the desired pattern 229 is the 
composition of the shield region 234 at the side of 
the second pattern and the transparent region 234' 
having the same size and formed at the side of the 
first pattern so that it is finally formed like the 
usual exposure. Incidentally, as shown at (c) in Fig. 
2B. the hatched portions indicate those irradiated 
with the lights, and the blank regions 238 indicate 
those which are weakened by the interference, as con- 
trary to the patterns shown at (a) and (b) in Fig. 2B . 

Figs. 2E (a) and (b) are Y-Y sections showing the 
first pattern 209a and the second pattern 209b on the 
mask 209. respectively. Reference numeral 262 desig- 
nates a substrate, and numeral 263 designates the 
shielding members. Figs. 2E (a 1 ) and (b') show the 
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amplitudes of the lights Immediately after having- 
passed through the mask, respectively. m the trans- 
parent regions 232 and the transparent regions 236 of 
the mask, it is found that the phase difference of 180 
degrees is established between the light (b«) having 
passed through the phase shifting member and the light 
(a') not having passed through the phase shifting: mem- 
ber 205. Fi ff . 2E (c) is a diagram showing the ampli- 
tudes of the lights immediately having passed through 
the first pattern and the second pattern and having 
been composed . 

if the irradiation is made with the first pattern 
232 only, the amplitude of the line on the wafer is 
eiven a gentle slope in the peripheral portion of the 
Pattern by the diffraction of the li ff ht so that a 
shape boundary cannot be achieved. m the present em- 
bodiment, however, a light 242 having passed through 
the transparent region 236 of Fig. 2B and having the 
Phase difference of 180 degrees is arranged in the 
Periphery of a light having passed through the trans- 
Parent region 232 of Fig. 2B . As a result, the lights 
interfere with each other and are weakened at the 
boundary of the desired pattern 229 to be determined, 
so that the amplitudes of the lights are remarkably 
reduced. As a result, the blur of the contour of the 



47 



vx 1 



image to be projected on the wafer is reduced to im- 
prove the contrast of the projected image drastically 
so that the resolution and the focal depth are remark- 
ably improved (as shown at (d) in Fig-. 2E) . Inciden- 
tally, the optical intensity is a square of the opti- 
cal amplitude so that the waveform of the optical 
amplitude on the wafer at the negative side is in- 
verted to the positive side, as shown at (e) in Fig. 
2E. 

Thus, according- to the mask of the present em- 
bodiment, when the desired pattern to be determined is 
one having- a two-dimensional extension, the first pat- 
tern is slightly expanded from the outer periphery of 
the two-dimensional pattern (or the desired pattern) 
to form a transparent pattern having a transparent 
region inside thereof, and the second pattern is 
slightly expanded Jnto a band-shaped transparent pat- 
tern having a slightly larger outer periphery than 
that of the first pattern, so that only the boundary 
of the desired pattern having the two-dimensional ex- 
tension can be sharpened. 

Incidentally, the mask 209 Is formed with a po- 
sitioning mark for positioning the first pattern 209a 
and the second pattern 209b. By this positioning 
mark, the drive of the aforementioned alignment mecha- 
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nism 207 Is controlled. 

Fig:. 21 shows one example of the mark for posi- 
tioning- the two separate patterns. This mark pattern 
Is given the absolutely identical structures, relative 
positions and sizes at (a) and (b). The shape of the 
mark to be used should not be limited to the square, 
as shown, but may be changed into an L- or cross- 
shape. In order to enhance the precision, however, it 
is advisable to provide a plurality of marks having an 
identical shape In separate directions. On principle, 
moreover, these positioning marks are formed on the 
mask 209 in such dimensions as are required for posi- 
tioning- the alignment mechanism 207. If the two-di- 
mensional positioning on X - Y directions are requir- 
ed, those marks are required in the two-dimensional 
directions on the X - Y axes, but one dimension is 
frequently sufficient: for the usual system of Fig. 2A. 

The transmitted light having passed through the 
mark is Identical, as If It is wholly shielded, in 
case the lights have the phase difference of 180 de- 
grees and are correctly registered In the positions. 
Therefore, this shielding state is monitored by the 
CRT or the like so that the positioning is completed 
if the conditions are satisfied. 

In case, on the contrary, the shielding Is not 
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complete at the initial setting, the alignment mecha- 
nism 207 may be driven to effect the shielding thereby 
to accomplish the positioning of (a) and (b). 

Next, the process for fabricating the mask 209 
according to the present embodiment will be described 
in the following with reference to Fig. 2H. 

The mask 209 of the present embodiment, as shown 
in Fig. 2A, is one (or rectile) used in the predeter- 
mined step of fabricating the semiconductor integrated 
circuit device. Incidentally, the mask 209 of the 
present embodiment is formed with an original of the 
integrated circuit pattern having a size of five times 
as large as the actual one and is formed with the 
shielding regions A and the transparent regions B. 

For fabrications, the transparent substrate 262 
made of quartz or the like has its surface polished 
and rinsed at first. After this, the surface is 
formed with the metal layer 263 having a thickness of 
about 500 to 3,000 A and made of Cr or the like by the 
sputtering method. Next, a photo resist (which will 
be shortly referred to as the "resist") having a 
thickness of 0.4 to 0.8 u m is applied to the upper 
surface of the metal layer 263. Subsequently, the 
resist is pre-baked and is then irradiated at its 
predetermined portions with an electron beam E by the 
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electron beam exposing method on the basis of that In- 
tegrated circuit pattern data of the semiconductor in- 
tegrated circuit device, which are coded in advance in 
the magnetic tape or the like. Incidentally, the in- 
tegrated circuit pattern data are recorded with the 
positional coordinates, shapes and so on of the pat- 
terns. 

Next, the patterns (a) and (b) are transferred to 
the resist by the electron beam exposing method on the 
basis of the pattern data (a) and (b) of Fig. 2B , for 
example . 

"The pattern data (a) and (b) are automatically 
prepared by enlarging or reducing the pattern widths 
of the shielding regions A or the transparent regions 
B of the aforementioned Integrated circuit pattern 
data. In the present embodiment, for example, the 
pattern (a) can be automatically prepared by enlarging 
the pattern width of the shielding regions to about 
0.5 to 2.0 um. for example, and the pattern (b) can 
be automatically prepared by taking the logical pro- 
duct between the data of the pattern (a) and the in- 
verted data of the original data. 

After this, through the steps of the development, 
the etching of the predetermined portions, the removal 
of the resist, the rinsing, the inspections and so on, 
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mask 209 having: the patterns (a) and (b) is fabri- 



cated . 



The integrated circuit pattern on the mask 209 is 
transferred onto the specimen (which will be shortly 
referred to as the "wafer") having the resist applied 
thereto, by using: the mask 209 thus prepared, as will 
be described in the following. 

Specifically, the size-reducing- projection expos- 
ing: system of Fig. 2A is arranged with the mask 209 
and the wafer, and the original image of the integ- 
rated circuit pattern on the mask 209 is optically 
reduced in size to one fifth and projected on the 
wafer. Each time the wafer is sequentially moved 
stepwise on the movable specimen table 216, the pro- 
jection and exposure are repeated to transfer the in- 
tegrated circuit pattern on the mask 209 to the whole 
surface of the wafer. 

Next, another example of the mask according to 
the present embodiment will be described in the fol- 
lowing. 

Figs. 2C (a) and (b) are sections showing the es- 
sential portions of the mask according to the present 
invention, respectively. The patterns (a) and (b) are 
the first and second patterns of the mask 209 of Fig. 
2A, respectively, and show the mask patterns in sec- 
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tions while holding and separating the relative posi- 
tional relations by taking the desired pattern into 
consideration. Incidentally, the pattern (c) shows 
the top plan view of the desired pattern composed. 
Figs. 2F (a) to (e) are diagrams for explaining the 
amplitudes and intensity of the lights having passed 
through the transparent regions of the mask shown in 
Fig. 2C. Incidentally, the exposure system and the 
method to be used are similar to those of the forego- 
ing embodiment. 

When a desired pattern 248 is a one-dimensional 
pattern having lines 244 to 247 arrayed transversely 
on line, according to the embodiment shown in Fig. 2C. 
the pattern on the mask is constructed to sharpen its 
boundary. In this case, In the relative arrangement 
of the mask, there are alternately arranged: trans- 
parent regions 249 and 250 of the first pattern con- 
stituting the lines 244 and 246 of the aforementioned 
lines 244 to 247; and transparent regions 251 and 252 
of the second pattern constituting the lines 245 and 
2-17, then, the regions to bo weakened us a result of 
the interferences are located at the Intermediate re- 
gions 255 of the individual lines constituting the a- 
forementioned desired pattern 248 so that the individ- 
ual lines are sharpened. 
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With reference to (a) to (e) of Fig. 2F, the re- 
lations will be described in the following in case 
only the lines 244 and 245 are extracted from the 
desired pattern. In this case, too, the phase dif- 
ference of 180 degrees is established (as shown at 
(a*) and (b') in Fig- 2F) between the light 256 having 
passed through the transparent region 249 of the first 
pattern and the light 257 having passed through the 
transparent region 251 of the second pattern. As a 
result, these lights have their components 259 and 260 
interfering with each other and deleted at the regions 
255 between the two lines 244 and 245 in the desired 
pattern on the wafer so that the optical amplitude has 
its gradient 261 enlarged, as shown at (d) in Fig. 2F. 
As a result, a sharp boundary can be formed in the 
region between the lines 244 and 245, as shown in Fig. 
2C. Incidentally, Fig. 2F (d') is a schematic diagram 
showing the amplitude of the light on the wafer 
before the interference. 

As a result, the contrast of the projected Image 
of the one-dlrnensional pattern can be drastically im- 
proved to improve the resolution and the focal depth 
remarkably (as shown at (e) in Fig. 2F) . 

According to the present embodiment, if the de- 
sired pattern Is a one-dimensional one having lines 
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arranged transversely on line, the transparent regions 
of the first pattern and the second pattern forming 
the aforementioned lines are alternately arranged in 
the relative positions on the mask, and the aforemen- 
tioned regions for interfering and weakening the 
lights are arranged at the intermediate portions of 
the individual lines forming the aforementioned de- 
sired pattern, so that the transfer precision can be 
drastically improved in case the plural lines are ar- 
ranged in such a narrow region as cannot take the 
aforementioned two-dimensional pattern method. 

Next, other examples of the mask according to the 
present invention will be described in the following. 

Figs. 2D (a) and (b) are diagrams showing the es- 
sential portions of the masks according to the present 
invention. The diagrams (a) and (b) are top plan 
views showing the first and second patterns of the 
mask 209 of Fig. 2A , respectively, such that the mask 
pattern is divided while holding the relative posi- 
tions by considering the desired pattern thereof. 
Figs. 2G (a) to (e) are diagrams for explaining the 
amplitudes and intensity of the lights having passed 
through the transparent regions of the mask shown in 
Fig. 2D. Incidentally, the exposure system and method 
to be used are similar to those of the foregoing era- 
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bodlments . 

The desired pattern 269 of the present embodiment 
has square mask patterns 270 arranged therearound with 
fine sub-patterns 272. 

The precise transfer of the fine sub-patterns 272 
around the two-dimensional patterns 270 is difficult 
to perform by the method of applying- the phase trans- 
parent film to the mask according to the prior art. 
According: to the present invention, however, the de- 
sired excellent pattern 269 can be easily formed ac- 
cording: to the present invention. in the mask of the 
present embodiment shown in Fig-. 2D, too, in the rela- 
tive positions on the mask, the first pattern is form- 
ed into a pattern 274 which is given transparent re- 
gions as wide as the two-dimensional pattern 270 by 
considering the size-reducing ratio, and the second 
pattern Is formed Into the aforementioned fine pattern 
276. so that the phase difference (as shown at (a') 
and (b') in Fig. 2G) of 180 degrees is established in 
the Individual transparent regions of the mask between 
a light 277 having passed through the phase shifting 
member 205 and a light 278 not having passed through 
the phase shifting member 205. These lights can In- 
terfere with each other in a region 280 between the 
two-dimensional pattern and the fine pattern to reduce 
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the blur of the Ima&e to be projected on the wafer. 
As a result, the contrast of the projected Image can 
be remarkably improved to improve the resolution and 
the focal depth drastically (as shown at (e) in Fig. 
2G) . 

The following effects can be achieved from the 
mask according to these embodiments. 

At the time of exposure, in the boundary required 
for the desired pattern to have a precision, the first 
pattern and the second pattern are constructed such 
that the light having passed through the transparent 
regions of the first pattern and the light having 
passed through the transparent regions of the second 
pattern may interfere and be weakened. As. a result , 
the blur of the contour of the image to be projected 
on the wafer can be reduced to improve the contrast of 
the projected imape drnsticaliy thereb}' to improve the 
resolution and the focal depth remarkably. As a re- 
sult, the resolution limit can be remarkably enhanced 
even with the same projection lenses and wavelength as 
those of the prior art. Even if the pattern on the 
mask is as complex and fine as the integrated circuit 
pattern, the pattern transfer precision is not par- 
tially dropped so that the transfer precision of the 
whole pattern formed on the mask can be remarkably im- 
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proved . 

Since, moreover, the two patterns are prepared to 
achieve the effect of the phase shift with the com- 
posed pattern, no transparent film exists on the mask 
surface so that no trouble arises in the inspections 
unlike the case of the prior art, in which the trans- 
parent film is formed on the mask. 

Without the step of forming* the transparent film, 
furthermore, the time period of fabricating- the mask 
can be remarkably shortened from the mask in which the 
phase shifting means is exemplified by the transparent 
film on the mask substrate. 

Although our invention has been specifically de- 
scribed in connection with the embodiments thereof, it 
should not be limLted to those embodiments but can 
naturally be modified in various manners within the 
scope of the f-ist thereof. 

According to the exposure method using: the mask 
of the present invention, for example, there is nei- 
ther restriction upon the specific structure of the 
system nor the structure of the aforementioned embodi- 
ment using the two split luminous fluxes, but the 
means may divide the luminous flux into plurality and 
give them individual phase differences so that the 
patterns of the plural masks may be composed and ex- 
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posed. 

In the description thus far made, our Invention 
has been described on the technology of fabricating 
the semiconductor device according to the background 
field of application thereof but should not be limited 
thereto. The present invention can naturally be wide- 
ly applied to the technological field of exposure, to 
which the form Improving effect according to the phase 
shifting method can be applied. 

The effects to be attained by the representative 
mode of the invention to be disclosed in the present 
embodiment will be briefly described in the following. 

In order that the light having passed through the 
transparent regions of the first pattern and the light 
having passed through the transparent regions of the 
second pattern may interfere with each other and be 
weakened at the boundary in which the. precision of the 
desired pattern is required, the first and second pat- 
terns on the mask are irradiated with two lights hav- 
ing a phase difference and at least a partial coher- 
ence, and the transparent patterns of those lights are 
composed to form the desired pattern on the specimen 
to be irradiated, so that the transfer precision of 
the boundary requiring the precision of the desired 
25 pattern can be improved. 
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The method of composing and exposing the ordinary 
main pattern, the main pattern for giving a phase 
shift of „ or an equivalent phase shift or a fine 
shift (or accompanying) pattern on the two masks, as 
has been described in connection with Embodiments 1 
and 2, will be called hereinafter the "multi-mask 
Phase shifting method" or the "multi-mask phase inver- 
sion shifting method" . 
(Embodiment 3) 

Fig. 3A shows a phase shifting mechanism 301 of 
the exposure system (of 1 : 5 size-reducing projection 
/ step'-and-repeat type) of Embodiment 3 of the present 
invention . 

In the same Figure, the phase shifting mechanism 
301 is constructed of an optical system which is in- 
terposed between a light source 302 of the exposure 
system and a specimen 303 (e.g., wafer) to be irradi- 
ated and which includes: a beam expander 304; mirrors 
305, 307 and 308; half mirrors 306 and 313; an optical 
axis shifter 309; a corner mirror 310; an optical path 
varying mechanism 311 for driving the corner mirror 
310 finely; a pair of relay lenses 312a and 312b; and 
a size-reducing lens system 315. In the alignment 
system of this optical system, there is positioned a 
mask 314 (or rectile) which is formed with the origi- 
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nal Image of a pattern to be transferred to the afore- 
mentioned specimen 303. The mask 314 is one (or rec- 
tile) to be used in the process for fabricating the 
semiconductor integrated circuit device, for example, 
and the specimen 303 is a semiconductor wafer made of 
single crystal of silicon, for example. 

The light L such as the i-line (having a wave- 
length of 365 nra) emitted from the light source 302 is 
expanded by the beam expander 304 and is then refract- 
ed through the mirror 305 in a direction normal to the 
principal plane of the mask 314. After this, the re- 
fracted light is divided through the half mirror 306 
disposed midway of the optical path into a straight 
line Lx and a light L 3 advancing at a right angle with 
respect to the former. The light L 3 is refracted 
through the mirror 307 and the corner mirror 310 so 
that it passes through a path different from that of 
the light Li to irradiate another portion of the mask 
314. The two lights Lx and L a thus having passed 
through the different portions of the mask 314 pass 
through the lenses 312a and 312b and are then composed 
into one light L' through the mirror 308 and the half 
mirror 313. After this, the light L ' has its size 
reduced by the size-reducing lens 315 and is focused 
to irradiate the specimen 303 which is positioned on 
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an X-Y table 316. 

In the aforementioned phase shifting mechanism 
301 , the lights Li and L 2 having passed through the 
half mirror 306 have different optical paths so that a 
desired phase difference can be established between 
the lights Li and L 2 having reached the wafer 303 by 
changing the height (i.e., the optical path of the 
line L 2 ) from the principal plane of the mask 314 to 
the corner mirror 310. The vertical movement of the 
aforementioned corner mirror 310 Is accomplished by 
using the optical path varying mechanism 311 resorting 
a piezoelectric control element, for example. 

Fig. 3A is an enlarged section showing the afore- 
mentioned mask 314. This mask 314 is made of trans- 
parent synthetic quartz 322 having a refractive index 
of about 1.47. for example, and has its principal 
plane formed with a metnl layer 323 of Cr (chromium) 
having a thickness of about 500 to 3,000 A. At the 
time of exposure, the metal layer 323 provides the 
shielding regions A allowing no optical transmission, 
whereas the remaining regions provide transparent 
regions D allowing optical transmissions. The in- 
tegrated circuit pattern is formed of the aforemen- 
tioned shielding regions B and has a size of five 
times as large as the actual size (i.e., the size on 
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the wafer), for example. 

Fig-s. 3C (a) and (b) show examples of the In- 
tegrated circuit pattern formed on the aforementioned 
mask 314. The circuit pattern P 1( as shown at (a) In 
the same Figure, is a portion of the composed pattern 
(c) after transfer and is extracted from the lower 
portion of the step of the specimen surface. The cir- 
cuit pattern P 2 , as shown at (c) in the same Figure, 
Is a portion of the composed pattern (c) after the 
transfer and is extracted from the higher portion of 
the step of the specimen surface. The patterns Pi and 
P* are arranged in predetermined portions of the mask 
314 and at a predetermined spacing. In Figs. 3C (a) 
to (d): reference numeral 331 designates either a sub- 
strate of single crystal of Si or a semiconductor sub- 
strate of epitaxial (Si) layer; numeral 332 designates 
a SiO- film; numerals 334a and 334b designate irate 
electrodes or wiring lines which are made of poly-Si, 
polycide, silicide or refractory metal; numeral 333 
designates a positive type resist film applied to the 
film 332; letters B>v and B c designate opening patterns 
over the main mask 314a; letters B a and B D designate 
opening patterns on the sub-mask 314b; letters P A and 
Pc designate the positions on the resist film cor- 
responding to the lower pattern; and P B and P D desi£- 
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nate the positions on the resist film corresponding to 
the higher pattern. 

Next, the method of preparing the aforementioned 
masks 314a and 3141) will he briefly described in the 
following. First of all. synthetic quartz has its 
surface polished and rinsed, and a Cr film having a 
thickness of about 500 to 3,000 A is then deposited on 
the whole surface of the principal plane by the sput- 
tering method. Subsequently, an electron beam resist 
is applied to the whole surface of the Cr film. Next, 
on the basis of the integrated circuit pattern data 
coded' in advance in a magnetic tape or the like, the 
integrated circuit pattern is drawn on the electron 
beam resist by the electron beam exposure method. 
After tills, the exposed portion of the electron beam 
resist is removed by the development, and the exposed 
Cr film is removed by the wet etching to form tho in- 
tegrated circuit pattern. The pattern data of the 
aforementioned paired circuit patterns P x and P 2 can 
be automatically prepared by expanding or reducing the 
data of the shielding regions A or the transparent 
regions B of one circuit pattern or by taking a logi- 
cal product between the inverted data of one circuit 
pattern and the data of the other circuit pattern. 
For example, the pattern data of the circuit pattern 
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can be automatically prepared by taking a logical 
product between the data enlarged from the pattern of 
the transparent regions B of the circuit pattern P x 
and the Inverted data of the transparent regions B of 
the circuit pattern P x . 

In order that the integrated circuit pattern 
formed on the aforementioned mask 314 may be trans- 
ferred onto the wafer 303 (as shown In Fig. 3A) . the 
wafer 303 having the photo resist applied to Its sur- 
face is positioned at first on the X-Y table 316 of 
the exposure system shown in Fig. 3A , and the mask 314 
(e.g.", 314a and 314b) is positioned in the alignment 
system. The mask 314 is positioned such that, when 
one light Lx divided by the half mirror 306 Is guided 
to irradiate one P x of the aforementioned paired cir- 
cuit patterns P x and P a . the other light is pre- 
cisely guided to irradiate the other circuit pattern 
P 2 . Next, the corner mirror 310 is vertically moved 
to adjust the phase difference such that the two 
lights L x and L 2 may have their phases reversed when 
composed' a^iln. At this v J me , the difference of the 
two optical paths is minimized by considering the in- 
terference distance of the light source. In order ac- 
complish the positioning of the mask 314 and the ad- 
Justing of the phase difference of the two lights L x 
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and L 2 precisely, use Is made of a pair of positioning 
marks Mn, M X2 , M 2X and . M aa (all of which will be 
referred to "Mln"), which are formed on the mask 314. 
for example, as shown at (a) and (b) in Fig. 3E. 
These marks Mln are formed of openings which are ar- 
ranged equidistantly in the shielding region, as 
hatched, and which have identical shapes and arrange- 
ments. In short, all the marks M xx , M xa , M 2X and M aa 

i 

have identical gaps and sizes. In case the position- 
ing of the mask 314 (or 314a and 314b) and the adjust- 
ment of the phase difference between the lights L x and 
L 3 are precisely accomplished, the light L x having 
passed through the mark M x n and the light L 2 having 
passed through the mark M 2 n Interfere with each other 
and completely disappear so that the mark images M x 
and Ms are not formed on the wafer 303. In other 
words, by discriminating the existence of the project- 
ed images M x and M a on the wafer 303, it is possible 
to easily decide whether or not the positioning of the 
mask 314 (or 314a and 314b) and the adjustment of the 
phase difference between the lights L x and L a are pre- 
cisely accomplished. 

The positioning of the patterns P x and P a on the 
mask is accomplished by using the alignment mechanism 
309. Next, the phase difference is adjusted in a man- 
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ner to correspond to the surface step (as shown in 
Fig:. 3C) of the specimen 303. This adjustment is per- 
formed by controlling (or making a program) the piezo- 
electric control element of the optical path varying 
mechanism 311 with a computer. Specifically, since 
the focal point can be shifted to correspond to the 
phase difference, as shown in Fig. 3D. the specimen 
can be focused at its upper and lower portions even in 
case it has a surface step. 

After the positioning of the mask 314 and the ad- 
justment of the phase difference between the lights L x 
and L 2 have thus been accomplished, the original image 
of the integrated circuit pattern formed on the mask 
314 has its size optically reduced to one fifth and is 
projected on the wafer 303. The operations thus far 
described are repeated while moving the wafer 303 se- 
quentially stepwi ro . 

According to the data of Fig. 3D, the transparent 
shifter layer on the mask is formed and exposed to 
give phase differences of 150 degrees, 180 degrees and 
210 degrees by the on-mask phase shifting method, as 
shown in Fig. IK. The experimental conditions are: 
the minimum pattern size of 0.35 u m; the exposure 
wavelength of X 365 nm (i.e., i-llne); NA = 0.42; 
the partial coherency of a = 0.3; the resist of 
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"RI17000P (of Hitachi Kasei"; and the exposure system 
of the 5 : 1 i-line stepper "RA101 of Hitachi, Ltd.". 

Incidentally, the principle of the present inven- 
tion can be realized not only by the pair-mask phase 
shifting: method composing: the aforementioned two mask 
patterns but also the on-mask phase shifting: method of 
exposing: one mask to a single luminous flux. In this 
case, the thickness of the phase shift film 22 of Fig:. 
IK has to be formed such that the phase difference <f> 
may take a desired value ranging from 150 degrees to 
210 degrees. 

In the "phase shifting method", as has been de- 
scribed in the present embodiment, the method, In 
which projections are accomplished on a plurality of 
image planes by setting the shift at other than (2n - 
1)* (wherein n: an integer), will be called the 
"multi-image plane phnse shlftlnr method", and thr. 
method of using the two masks will be called the 
"multi-mask multi-image plane phase shifting method". 

Incidentally, the exposure method, in which the 
simultaneous focusing operations are accomplished on 
the plural planes having the steps without being ac- 
companied by the phase shift, as will be described in 
the following embodiments, and the present embodiment 
will be totally called the "multi-image plane projec- 
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tion exposure method". 

(4) Embodiment 4 

The present embodiment relates to a modification 
of the step-and-repeat type 5 : l size reducing- pro- 
jection exposure system (or stepper) which can be ap- 
plied to Embodiments 1 to 3 and other embodiments, as 
will be described hereinafter. The present embodiment 
is effective in case the coherence length is relative- 
ly short because an exposing light having a low coher- 
ency is used from the requirement of the process or 
the like. 

Fig.- 4A is a schematic sectional front elevation 
showing the exposing optical system of the stepper ac- 
cording to the present embodiment. In the same Fig- 
ure: reference numeral 402 designates an exposure 
light source such as the 1-line (having a wavelength 
of 365 nm) of a mercury arc lamp or mercury xenon arc 
lamp, or an excimer laser (having a wavelength of 249 
nm or 308 nm); numeral 403 designates a wafer to be 
exposed; numeral 404 designates an illuminating opti- 
cal system including a beam expander, a condenser lens 
and so on; numeral 405 designates a mirror such as a 
cold mirror; numeral 406 designates a light dividing 
half mirror for dividing the light L into substan- 
tially equal halves; numerals 407a and 407b designate 
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mirrors for reflecting the divided lights Lx and L 2 , 
respectively; numeral 408 designates a corner mirror 
block for controlling the optical path of the light L 
and the positioning with the mask; numeral 408a desig 
nates a front corner mirror; numeral 408b designates 
rear corner mirror; numeral 409 designates drive con- 
trol means for the corner mirror block 408; numeral 
410 designates a corner mirror block for controlling 
the optical path of the light L 2 ; numeral 410a desig- 
nates a front mirror; numeral 410b designates a rear 
corner mirror; numeral 414a designates a main mask; 
numeral 414b designates a sub-mask; numerals 412a and 
412b front projection lens systems corresponding to 
the lights Lx and L 2 , respectively; numeral 411 desig- 
nates a drive control system for the corner mirror 
410; numeral 413 designates a composing half mirror 
for composing the lights L 3 and I. a into the light L7 ; 
numeral 415 designates a rear projection lens system 
for focusing the composed light L'; and numeral 416 
designates an X-Y stage and wafer sucking table for 
traversing the wafer 403 in the X and Y directions. 

The operations of the present system are substan- 
tially identical to those of the aforementioned in- 
dividual systems, and their repeated descriptions will 
be omitted here. 
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(5) Embodiment 5 

The present embodiment relates to the step-and- 
repeat type 5 : 1 size-reducing projection exposure 
system which Is characterized in that the optical dis- 
tance from the main mask to the wafer and the optical 
distance from the sub-mask to the wafer are substan- 
tially equal, and in that the optical distance from 
the main mask to the light source and the optical dis- 
tance from the sub-mask to the light source are sub- 
stantially equal. However, it Is natural that these 
characteristics are not essential to the present in- 
vention. 

Figs. 5A and 5B are a section showing the I-line 
exposure system of the present embodiment and an addi- 
tional explanatory diagram showing a representative 
optical beam, respectively. 

In these FJprures, reference numeral 502 desig- 
nates a light source which is constructed to include: 
an ultraviolet lamp such as a high-pressure Hg arc 
lamp or a Xenon Mg lamp; and a filter group or mirror 
for extracting only a substantially monochromatic I- 
llne (having a wavelength of 365 nm) from the emission 
spectrum. Numeral 504 designates a condenser lens or 
a lens system composed of a group of plural lenses 
(made of synthetic quarts) to form a kohler illumina- 
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tion for the mask. Reference numeral 551 designates 
first prism (made of synthetic quartz) applied to the 
half mirror face for adjusting the optical path, and 
numeral 506 designates a half mirror plane for divid- 
ing the exposing luminous flux L into the main expos- 
ing luminous flux and an auxiliary exposing lumi- 
nous flux L 2 . This half mirror is desired to have a 
substantially equal reflectivity and t ransrai ttance in 
an identical polarization mode. Reference numerals 
507a and 508a designate the mirror surfaces for de- 
flecting the main luminous flux La. at an angle of 90 
degrees: numeral 507b designates a mirror surface for 
deflecting the auxiliary luminous flux L 2 at an angle 
of 90 degrees; and numerals 552a and 552b designate 
polarizing prisms (made of synthetic quartz) having 
individual evaporated mirror surfaces. Numerals 514a 
and 5.14b designate n inn i n mask (or rcctJle) and an 
auxiliary mask (or rectile) having an exposed or 
transferred pattern, and numerals 561a and 561b desig- 
nate a mask holder and fine drive means in the Z-axis 
(i.e., the direction of the optical axis) and in the 
X-Y directions. Numerals 540a and 540b designate 
Phase difference setting means for setting the phase 
difference <f> between the two luminous fluxes Lx and 
L = by adjusting the optical length inbetween. and 
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numeral 541 designates a communication pipe. Numerals 
562a and 562b designate pre-proj ec t ion lens groups; 
numeral 554 designates a second prism (made of syn- 
thetic quartz) for adjusting the optical path; numeral 
553b designates a deflection prism (made of synthetic 
quartz) for deflecting the luminous flux L 2 at an 
angle of 90 degrees; numerals 549a, 549b and 508b 
designate deflecting mirror surfaces; and numeral 513 
designates a composing half mirror surface for compos- 
ing the luminous fluxes L x and L 2 into the (composed) 
luminous flux L'. The half mirror 513 has charac- 
teristics, similar to those of the aforementioned di- 
viding half mirror 506. Numeral 515 designate an ex- 
posing post-projecting lens group; numeral 565 desig- 
nates a referring post-projecting lens group; numeral 
566 designates optical detection means disposed in the 
Image plnno of the roforrliw: projection lens group; 
numeral 503 designates an exposed wafer; numeral 576 
designates a wafer chuck for retaining the flatness of 
the wafer by sucking the wafer by vacuum and a state 
for 0 rotations (i.e., rotations on the vertical axis 
extending through the center of the wafer); numeral 
577 designates a stage for moving in the Z-axis (i.e., 
vertical axis); numeral 578 designates horizontal! ty 
adjusting means including three Z-axis drive means; 
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numeral 579 designates an X-stage; and numeral 580 
designates a Y-stage. 

Fig. 5C is a section showing: an essential portion 
of the phase difference setting- means 540a of the a- 
f orementioned stepper. In the same Figure: reference 
numerals 542a and 543a designate synthetic quartz 
glass plates; numeral 541a designates means for ad- 
justing their gap; numeral 544a designates a metal 
bellows; numeral 547a designates a pressure reservoir; 
numeral 546a designates a communication pipe made of 
austenite stainless steel pipe; and numeral 545a de- 
signates an optical path control chamber, in which the 
single or mixed gases having a refractive index dif- 
ferent from that of the atmospheric gases In a chamber 
arranged with the stepper or the major atmospheric 
gases in the exposing luminous flux passage are held 
under a constant; pressure Incidentally, this opti-cal 
path control chamber 545a or 547a can be evacuated by 
a vacuum pump. In case of this evacuation, it is un- 
necessary to consider the temperature rise of the 
gases in the optical path control chamber. 

Fig. 5D is a top plan view showing the wafer 
stage portion of the aforementioned stepper. In the 
same Figure, numeral 503 designates a wafer to be 
exposed; numeral 576 designates a wafer chuck and 6 
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stage; numeral 577 designates a Z state; numerals 578a 
to 578c designate individual Z-axis direction drive 
elements composing the horizontal! ty adjusting means 
578; numeral 579 designates an X-table; and numeral 
5 580 designates a Y-table. 

Next, the exposing operations of the present 
stepper will be described in the following. First of 
all, the optical path between the point on each mask 
corresponding to the exposure region and the light 

10 source Is equalized as much as possible by adjusting 
the gradients of the main mask 514a and the auxiliary 
mask 514b. Moreover, the optical path between each 
mask and the corresponding point on the wafer 503 is 
equalized as much as possible (in terms of the gradi- 

15 ent of the wafer). Next, as has been described in 

connection with Embodiment 3, the positioning mark M 
is used to accomplish the focusing, the mask registra- 
tion in the X-Y plane and the adjustment of the phase 
difference to the phase difference <p = n (after 

20 this, the phase difference (which may be a relative 

one as long as the interference is concerned) $ is 

readjusted to correspond to the step so that + falls within the range from 

JL * to JL 7c ). After this, the exposure at the same site is executed. 
4 4 

The adjustment of the phase difference is ex- 
25 ecuted by changing the thickness of the optical path 
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control chamber 540a or 540b. Specifically, the dis- 
tance between the quartz plate 542a and 542b is moved 
in parallel with one quartz plate. 

Moreover, the gradient adjustment of each mask or 
wafer is executed by the movement in the Z-axis direc- 
tion by three gradient adjusting" means 578a to 578c 
(in case of the wafer, but by a similar mechanism in 
case of the mask), as shown in Fig. 5D. 

The post-projection lens group 515 (as shown in 
Fig. 5A) itself has its two sides constructed of the 
"telecentric" such that the main luminous flux ad- 
vances in parallel with the optical axis at the two 
sides of the same lens group. As a result, as in the 
infinite cylinder length correcting system of a tele- 
scope, it is possible to minimize the change of the 
focusing characteristics as a whole in case a variety 
of optical elements are interposed between the pre- 
projection lens group 5G2a or 562b and the post- 
projection lens group 515. Since, moreover, the pre- 
projection lens groups 562a and 562b are disposed 
separately of the post-projection lens group 515 in 
the vicinity of the masks 514a and 514b, it is easy to 
retain the optimum object side numerical aperture. 
(6) Embodiment 6 

The present embodiment to be described is direct- 
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ed mainly to a mask pattern to be used in the inven- 
tion, in which a main mask and an auxiliary mask are 
separately exposed to luminous fluxes and In which 
these luminous fluxes are composed to have a phase 
difference of (2n + 1 ) n so that the wafer may be ex 
posed to the composed light. In the following de- 
scription, the main and auxiliary patterns correspond- 
ing to identical patterns (on the wafer) on the sub- 
mask and the main mask are conveniently projected on a 
common plane, as shown. Moreover, the sizes attached 
to the identical patterns are converted to those on 
the wafer in case of the 5 : 1 size-reducing projec- 
tion. For the auxiliary pattern, broken lines indi- 
cate the boundary between the shielding- regions and 
the opening regions. The opening regions of the aux- 
iliary patterns have their corresponding portions in- 
dicated by scattered points. 

Fig. 6A shows the patterns of main and auxiliary 
masks in case isolated Al lines (or metal wiring 
lines, insulating film strips, strip-shaped openings, 
poly-Si wiring or gate lines, poly-cide wiring lines 
or gate lines, all of which are represented by the 
isolated Al lines) are to be exposed by the negative 
process. (In case linear openings are to be formed, 
it Is naturally necessary to use the positive type 
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resist process in the present mask patterns.) In the 
same Figure: reference numeral 601a designates that 
opening on the main mask, which corresponds to the Al 
line; numerals 604d and 605d designate shielding por- 
tions of a chromium film of the same main mask; and 
numerals 602b and 603b designate the auxiliary pat- 
terns (or shift patterns or compensating patterns, 
which are phase-inverted or merely inverted patterns 
or inverted slits) on the auxiliary mask. The size A 
is 0.3 to 0.4 // m; the size B is about 0.2 n m; and 
the size E is about 0.1 v m. 

Fig. 6B shows the pattern of the main mask and 
auxiliary mask of the present Embodiment B. This em- 
bodiment corresponds to contact holes, through holes 
or other isolated holes and uses the positive type 
resist process (although the negative type resist 
process is used In case of the isolated film pattern) 
In the same Figure: reference numeral 611a designates 
an opening corresponding to the hole (or opening) on 
the main mask; numeral 612d designates the shielding 
portion on the same main mask; and numerals 613b t 
614b, 615b and 616b designate a group of inverted 
slits on the auxiliary mask. The sizes are substan- 
tially Identical for the common symbols to those of 
the foregoing embodiment. 




Fig-. 6C shows a mask pattern corresponding- the 
Isolated openings or the like of the main and auxilia- 
ry masks of Embodiment 6C or a modification of the 
foregoing Embodiment 6D . In the same Figure, refer- 
ence numerals 613C, 614C, 615C and 616C designate aux- 
iliary opening patterns (or corner enhancement pat- 
terns or enhancers) for preventing the openings from 
being rounded, and the remaining numerals are wholly 
identical to those of the foregoing Embodiment 6B . 
The enhancers a square of about 0.1 u m. This method 
is effective according to the foregoing Embodiment 6B 
for preventing the rounding of the corners from being 
extraordinarily enlarged . 

Fig. 6D shows the main and auxiliary mask pattern 
in case the "L"-shaped opening pattern having 1 its 
width corresponding to the minimum line width in said 
exposure process like the foregoing embodiments is to 
be treated by the positive resist process. In the 
same Figure: reference numeral 621a designates an 
opening on the main mask; numeral 622d designates the 
shielding portion (i.e., a portion of the shielding 
portion as the auxiliary mask like before- Namely, 
the portion other than the inverted shifter portion, 
as Indicated by broken lines, Is wholly the screening 
or shielding- portion) on the main mask; and numerals 
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623b. 624b. 625b. 626b. 627b and 628b designate in- 
dividual shifter region openings on the auxiliary 
mask. The sizes are designated at the same symbols as 
those of Fig. 6B. (These symbols designate the equal 
sizes, unless otherwise specified.) Incidentally, the 
present pattern is an isolated film pattern such as 
the "L"-shaped pattern If the negative type resist 
process Is used. 

Fig. 6E shows a modification 6E of the aforemen- 
tioned Embodiment 6D. In the same Figure, reference 
numeral 621a 1 designates that opening pattern on the 
main mask, which corresponds to that 621a of Fig. 6D, 
and numeral 621d designates an auxiliary screening 
pattern (or a corner reduction pattern or a reducer) 
for preventing an excessive expansion inside of the 
corners of the "L"-shaped type opening on the same 
main mask. The sizes are equal to those of the enhan- 
cers. Numerals 623c. 624c, 625c. 626c and 627c desig- 
nate opening patterns corresponding to the enhancers 
and formed on the main mask so as to prevent the ex- 
cessive reduction of the corners; numeral 622d desig- 
nates the shielding portion on the main mask; and nu- 
merals 623b, 624b, 625b, 626b. 627b and 628b designate 
individual shifter patterns (or inverted openings). 
Fig. 6F designates main and auxiliary patterns 
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corresponding: to the negative type resist process of 
the isolated and bent A.1 wiring- pattern of Embodiment 
6F. In the same Figure: reference numeral 631a desig- 
nates that opening on the main mask, which corresponds 
to the A_l wiring line; numerals 638d and 639d desig- 
nate the shielding portions on the main mask; and nu- 
merals 633b, 634b , 635b and 636 b designate shifters 
running along the Al wiring line. The individual 
sizes are equal to the others on principle. This pat- 
tern can be applied to the formation of band-shaped 
openings if applied to the positive type resist pro- 
cess . 

Fig. 6G shows the main and auxiliary mask pattern 
(corresponding to the negative process of the Isolated 
A.1 bent pattern or the like) of Embodiment 6G. The 
present embodiment corresponds to a modification of 
the foregoing Embodiment 6F. In the same Figure, 
reference numeral 631c designates an opening pattern 
acting as the enhancers, and numeral 631d designates a 
shielding pattern acting as the reducer. Both of 
these patterns are formed on the main mask and have 
sizes equal to those of similar patterns of Fig.. 6E. 
The remaining portions are absolutely identical to 
those of the foregoing Embodiment 6F. 

Fig. 611 shows the main and auxiliary mask pat- 
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terns for the line-and-space pattern of Embodiment 6H. 
In this case, the negative resist process is adopted. 
In the same Figure: reference numerals 641a, 642a and 
643a designate those band-shaped opening pattern por- 
tions on the main mask, which correspond to the Al 
line patterns; numerals 641b, 642b and 643b designate' 
those band-shaped shifter opening pattern portions (or 
complementary line patterns) on the auxiliary mask, 
which correspond to the Al line pattern portions; and 
numerals 645d, 646d. 647d and 648d designate shielding 
portions on the main mask. The sizes are 0.3 u m for 
both the lines and spaces (as converted on the wafer). 
Incidentally, in the positive case, it is necessary, 
as shown, to replace the shielding portions between 
the opening on the main mask and the opening on the 
auxiliary mask by their adjacent openings. In other 
words, the opening of the main or auxiliary mask has 
to be located in the portion corresponding to the 
space. This location is identical to that of the case 
In which the periodic band-shaped openings are to be 
formed . 

The mask patterns of Embodiments 6A to 611 can be 
applied not only to the aforementioned multi-mask sys- 
tems (of Embodiments 1 to 5) but also to the on-mask 
phase shift (i.e.. the phase shifting exposure method 
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using one mask which is formed with both a shifter 
pattern having: an inverted transparent film of a rela- 
tive phase difference of 4> = n and a main pattern of 
<f> « 0 on one mask). In this case, the masks may be 
prepared while leaving the patterns of Figs. 6A to 611 
as they are on the masks. 
(7 ) Embodiment 7 

Here will be described the wafer processing- and 
exposure process to be used in the embodiment of the 
present invention . 

Fig. 7A is a top plan view of the wafer showing 
the exposure flow of the 5 : 1 size-reducing step-and- 
repeat projection exposure. In the same Figure: nu- 
meral 703 designates a wafer (e.g., wafer of 8 inches 
and single crystal Si) to be exposed; numeral 702 de- 
signates an orientation flat of the wafer; numerals 
731 and 732 designate the exposed regions (i.e.. the 
unit exposure regions which are optically Irradiated 
by a single exposure action); and numerals 733 to 736 
designate the Individual unit exposure regions to be 
exposed. These regions cover the substantially whole 
area of the upper face of the aforementioned wafer 
703. 

Fig. 7B is a top plan view showing the relations 
among the unit exposure regions 733, individual chip 
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regions 721 and 722, and an inter-chip region 723 in 
case of a memory IC. 

Figs. 7C to 7E and Figs. 7F to 711 are schematic 
sections for explaining: the exposure process using the 
positive and negative resists of the present invention 
and the flow of the wafer process. Figs. 7C and 7F 
show optical diagrams and examples of the on-mask 
phase shift (i.e., the phase shifting method using- one 
mask, which shows the main pattern only but omits the 
shifter) as to the mask. In the multi-mask case, the 
presentation is absolutely identical to this because 
the op'tical path is divided midway into two halves 
which are composed into one on the wafer surface. 

In Figs. 7C to 7E: reference numeral 714 desig- 
nates a positive type mask; numeral 745 designates the 
opening of the mask 714; numeral 714 designates a 
size-reducing projection lens system which is shown in 
another embodiment; numeral 703 designates a wafer to 
be processed, which Is sucked by the vacuum onto the 
wafer stage of the stepper; numeral 741 designates a 
first oxide film on the principal plane of the semi- 
conductor wafer; numeral 742 designates an Al wiring 
pattern formed thereover; numeral 743 designates a 
second oxide film formed all over the former; and 
numeral 744 designates a positive type resist (which 
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should be referred to Embodiment 16) film applied (to 
a thickness of 0.6 u m) to the whole surface of the 
former by the spinner. 

In Fig-. 7D, reference numeral 746 designates an 
opening- formed in a predetermined portion in the re- 
sist film 744. 

In Fig. 7E, reference numeral 747 designates a 
through hole of the second oxide film, which is formed 
as the mask of the resist film 744. 

In Figs. 7F to 111: reference numeral 714 desig- 
nates a negative type mask; numeral 744 designates an 
opening or transparent pattern of the mask 714; numer- 
al 715 designates the same size-reducing projection 
lens system as the foregoing one; numeral 703 desig- 
nates the semiconductor wafer which is sucked onto the 
wafer stage of the stepper, as before; numeral 741 
designates an oxide film formed over the principal 
plane of the wafer; numeral 742 designates an A_l film 
applied to cover the whole surface of the oxide film 
by the sputtering-; and numeral 754 designates a nega- 
tive type photo resist film formed on (or applied to) 
the Al film and having a thickness of about 0.6 u m. 

In Fig. 7G, reference numeral 754x designates a 
patterned resist film. 

In Fig-. 7H ( reference numeral 742x designates an 
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Al wiring: pattern which is patterned by using the re- 
sist film 754x as the mask. 

Fig's. 7 J to IP are sections showing the process 
flow for fabricating a CMOS static RAM (i.e., SRAM) 
according to the twin well method, and Fig. 7Q is a 
layout showing the chip. The structure wiil be se- 
quentially described in the following. 

Fig. 7J shows a process for forming n- and p- 
wells according to the twin well process. In the same 
Figure: reference numeral 703 designates an n~-type Si 
single crystal wafer (or substrate); numeral 760n 
designates the n-type well region; and numeral 760p 
designates the p-type well region. 

Fig. 7K shows a subsequent gate forming process 
and a process for forming the source and drain of each 
FET by the ion implantation in a self -alignment manner 
by using the formed gate as the mask. In the same 
Figure: reference numerals 761a to 761c designate 
LOCOS oxide films; numerals 762p and 762n designate 
gate oxide films; numerals 763p and 763n designate 
polysllicon gate electrodes (of polycide); and numer- 
als 764p and 764n designate p- and n-type highly doped 
source and drain regions, respectively. 

Fig. 7L shows an inter-layer PSG film forming 
process and a second-layer poly-Si wiring line and 
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high resistor forming process. In the same Figure: 
reference numeral 765 designates an inter-layer PSG 
film; numeral 766 designates a second-layer poly-Si 
wiring line; and numeral 766r designates a poly-Si 
high resistor acting as a load resistor of the SRAM 
memory cell. 

Fig. 7M shows a flattening process by an SOG and 
a contact hole or through hole forming process. In 
the same Figure: reference numeral 767 designates an 
SOG film; numerals 768a. 768b. 768d and 768e designate 
contact holes with the Si substrate; and numeral 768c 
designates a through hole in the second-layer poly-Si 
wiring line and the upper layer. 

Fig. 7N shows a first-layer Al wiring line form- 
ing process. In the same Figure, reference numerals 
769a to 769e designate the first-layer Al wiring line. 

Fig. 70 shows a process for forming an inter- 
layer insulating film over the first-layer Al wiring 
line and a second-layer Al wiring line forming pro- 
cess, in the same Figure, reference numeral 770 de- 
signates an inter-layer Jnsulatlng film over the 
first-layer Al wiring line, and numerals 771a and 771b 
designate second-layer Al wiring line connected with 
the underlying Al wiring line through through holes. 

Fig. 7P shows a process for forming a final pas- 
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sivation film over the second-layer Al wiring- line. 

In the same Figure , reference numeral 772 designates a 

final passivation film. 

Fig. 7Q is a top plan view showing: the layout of 
the aforementioned SRAM at the unit of a chip. In the 
same Figure: numeral 721 designates the chip; numeral 
722 designates a memory cell mat; and numeral 723 de- 
signates a peripheral circuit including an address de- 
coder and a rear/write circuit. 

Fig. 71 is a flow chart showing a process for 
photolithography In the aforementioned SRAM fabricat- 
ing process, i.e., an exposure process in the flow 
form. In the same Figure, an n-well photo step 7P1 Is 
one for forming a resist pattern over a Si 3 N^ film (or 
substrate) so as to cover those other than the portion 
to be formed into the n-well, and a field photo step 
7P2 Is one for covering and patterning a photo resist 
film so that the Si 3 N-* may be patterned to cover the 
P-channel and N-channel active regions. A p-well 
photo step 7P3 Is one for patterning the resist film 
to cover the n-well so as to form the p-well channel 
stopper region, and a gate photo step 7P4 is one for 
patterning the resist film over the poly-Si or poly- 
cide layer covering the whole surface so as to pattern 
the gate electrodes 763p and 763n. The detail of the 
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process till this step has been briefly described be- 
cause it will be described in more detail with refer- 
ence to Figs. 8A to 8E. An n-channel photo step 7P5 
is one for patterning the resist film at the p-channel 
side so as to implant the n-channel side with ions of 
n-type impurity by using the gate 763n as the mask; a 
poly-Si photo step 7P7 is one for forming a resist 
pattern over the poly-Si film covering all over the 
surface, so as to pattern the second-layer poly-Si 
film to be formed into the second-layer wiring line 
766 or high resistor 766r (as shown in Fig. 7L) ; an R 
photo step 7P8 is one for patterning the resist film 
acting as the mask by the negative process so as to ' 
implant the remaining portions with impurity ions such 
that the poly-Si high resistor 766r (as shown in Fig. 
7L) is covered with the resist film; a contact photo 
step 7P9 is one for covering and patterning a resist 
pattern by a positive process for forming the contact 
holes 768a to 768e (as shown in Fig. 7M) to provide 
contacts between the substrate, the source/drain re- 
gions, the first-layer poly-Si layer and the second- 
layer poly-Si layer, and the first-layer Al wiring 
line (Al-I); an Al-I photo step 7P10 (as shown in Fig. 
7N) is a resist patterning process for patterning the 
Al-I; a through hole photo step 7P11 is one for form- 
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Ing a resist pattern for opening through holes to con- 
nect the Al-1 and the second-layer Al wiring line; an 
A^-II photo step 7P12 (as shown in Fig. 70) Is a re- 
sist patterning step for patterning the All-II; and a 
bonding pad photo step 7P13 is one for covering the 
final passivation film other than the pads with a re- 
sist film so as to form openings of squares of about 
100 u m corresponding to the bonding pads in the final 
passivation film 772. 

Of these steps for the exposure process, the n- 
well photo 7P1, the n-channel photo 7P5 , the p-channel 
photo ~7P6 and the bonding pad photo 7P13 have rela- 
tively large minimum sizes so that the phase shifting 
method need not be generally used. 

On the other hand, the remaining steps of the ex- 
posure process of Fig. 71 are effective if the "phase 
inverted shifting method" of the individual embodi- 
ments of the present invention is applied. This 
"phase inverted shifting method" is a concept contain- 
ing both the "multi-mask phase shifting method" and 
the "on-mask phase shifting method". 

Incidentally, in case there is a considerable 
step between the individual planes of the memory mat 
722 of Fig. 7Q and the peripheral circuit portion. 
(8) Embodiment 8 
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Figs. 8A to 80 are process flows of 16 MDRAMs ac- 
cording to the present invention. The fundamental 
design rules are 0.6 p. m, the stack type memory cell 
and the LOCOS oxide film separation, and the fundamen- 
tal features are the twin well CMOS structure, the 
WSi 2 poly-cide bit lines, and the two-layered Al wir- 
ing line using WSi^/TiN lines. In the following pro- 
cess, the photo resist removing step, the pretreatment 
(e.g., rinsing) and post treatment steps, the inspec- 
tion step and the back treating step will be omitted. 

Fig. 8A is a section showing an n"-type well 
forming process using the ion Implantation. In the 
same Figure, reference numeral 803 designates a Si 
single crystal wafer of P type, which hag a resis- 
tivity of 10 Q * cm (in which the dopant is boron) and 
has its principal plane located in the mirror plane 
(100). Numeral 860 designates a thin thermal oxide 
film; numeral 861 designates a Si 3 N^ film acting as an 
oxygen resisting mask; and numeral 862 designates a 
patterned resist layer acting as the ion implanting 
mask. Numeral 863 designates an n-well region which 
Is doped with P (phosphor). 

Fig. 8B is a section showing a p~-type well form- 
ing process by an ion implantation. In the same Fig- 
ure: reference numeral 865 designates a thick Si oxide 
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film (Si0 2 ) formed by the thermal oxidation; numeral 
864a designates a p-well region of the peripheral cir- 
cuit; and numeral 864b designates a p-well region of 
the memory array portion. 

Fig. 8C is a section showing a process for form- 
ing p~-type channel stopper region with B (boron) . In 
the same Figure: reference numerals 866a to 866d de- 
signate p~-type channel stopper regions; numerals 867a 
to 867c designate Si 3 N 4 films acting as an oxygen re- 
sisting and ion implanting mask; numeral 868 desig- 
nates a photo resist film acting as the ion implanting 
mask; and numerals 869a and 869b designate gas oxide 
f ilms . 

Fig. 8D is a section showing the state in which 
the LOCOS oxide film is formed. In the same Figure, 
reference numerals 870a to 870e designate LOCOS oxide 
films . 

Fig. 8E is a section showing a phosphor added Si 
gate forming process and n-channel source/drain form- 
ing process. In the same Figure: reference numerals 
871a t 871c and 871d designate the gate electrodes (of 
P-doped poly-Si) of an n-channel FET; numeral 871b 
designates the gate electrode (of P-doped polysillcon) 
of a p-channel FET; numerals 872a to 872e designate P 
(phosphor) ion doped regions corresponding to the n- 
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channel sources or drains; an numeral 873 designates a 
photo resist film acting- as an ion implantation re- 
sisting mask. 

Fig. 8F shows a process for forming a highly doped 
n-channel source/drain region after a side wall has 
been formed. In the same Figure; reference numerals 
872x and 872y designate p-channel source/drain regions; 
numeral 874 designates a photo resist film acting as an 
Ion Implantation resisting mask; and numerals 875a to 
875d designate side wall insulating films (Si0 2 ) . 

Fig. 8G is a section showing an inter-layer SI0 2 
deposition process and a poly-cide bit line forming 
process. In the same Figure, reference numeral 877a 
designates a (phosphor added) poly-Si film, whereas 
numeral designates a siliclde (WSi 2 ) film, and these 
films form the bit lines. Numeral 877c designates a 
SiOra film by the CVD , and numeral 876 designates a 
SiOa film formed (or deposited) by the CVD after As 
(arsenic) has been implanted. 

Fig. 811 is a section showing a process for form- 
ing poly-Si electrodes to be used as the individual 
electrodes of a memory cell. In the same Figure, 
reference numeral 878 designates a Si0 2 film formed 
integrally with the Si0 2 films 876 and 877c , and nu- 
merals 879a and 879b designate poly-Si deposited films 
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to be used as the Individual electrodes of the capaci- 
tor of the memory cell. 

Fig. 81 is a section showing a process for form- 
ing* a capacitor plate to be used as the other common 
5 electrode of the capacitor of the memory cell. In the 
same Figure, reference numeral 880 designates a S1 3 N 4 
film to be used as a dielectric element of the capaci- 
tor, and numeral 881 designates a phosphor added poly- 
h g Si deposited film to be used as the plate electrode, 

fxj 10 Fig. 8J is a section showing a process for form- 

ic ing a highly doped source and drain of a p-channel FET 

%{ by the implantation of B~ (boron). In the same Fig- 

J~ ure, reference numerals 882a and 882b designate resist 

I2f films to be used as an Ion implantation resisting 

jf 15 mask. 

|0 * Fig. 8K is a section showing a re-flow process of 

the inter-layer insulating film. In the same Figure, 
reference numerals 883a to 883f designate re-flow 
films of BPSG (i.e., Boro-Phospho Silicate Glass) 

20 film, and numerals 884a to 884d designate contact 
holes formed In the former. 

Fig. 8L is a section showing a process for form- 
ing a sllicide (WSi 2 /TiN) wiring line. In the same 
Figure, numerals 885a to 885c designate sllicide wir- 

25 ing line layers which are formed of two deposited 
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films, i.e.. the lower TIN film and the upper tungsten 
silicide (WSI 2 ) film. 

Fig. 8M is a section showing a process for depo- 
siting an inter-layer PSG (i.e.. Phospho-Silicate- 
Glass) and forming the through holes. In the same 
Figure, reference numerals 886a to 886c designate 
inter-layer insulating films of three deposited layers 
of PSG/SOG/PSG. 

Fig. 8N is a section showing a process for form- 
ing a first-layer Al wiring line. In the same Figure; 
reference numerals 887a to 887d designate a lower TIN 
buffer layer and an upper Al (containing 99 % of Al. 
and about 1 % of Si) wiring layer (Al-I). 

Fig. 80 Is a section showing a process for form- 
ing an upper inter-layer PSG film and a second-layered 
All wiring line (Al-II). In the same Figure, refer- 
ence numeral 888 designates an Jnter-layer PSG film 
formed of three deposited films of PSG/SOG/PSG like 
the foregoing films 886a to 886c. Numerals 889a and 
889b designate second-layer Al (Al-II) wiring layers. 

Fig. 8P is a layout showing a circuit on the 
aforementioned DRAM chip. In the same Figure: refer- 
ence numeral 821 designates a chip region; numerals 
822a and 822b designate a memory array or memory cell 
mat portion; and numeral 823 designates a peripheral 
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circuit portion (containing the bonding pads). 

Fig". 8Q is a top plan view showing the cell top 
plan structure of the memory array of the aforemen- 
tioned DRAM for substantially one period of its rota- 
tional symmetry. For brevity, however, the upper wir- 
ing line structure is omitted. In the same Figure; 
reference numeral 871c designates a word line; numeral 
872d designates the n-type source or drain region; nu- 
merals 877a and 877b designate bit lines; numeral 879a 
designates a storage node (or capacitor); and numeral 
881 designates a plate. 

Next, the process flow of the pretreatment pro- 
cess (or wafer process) of the aforementioned DRAM 
will be described in the following with reference to 
the foregoing Drawings. 

A p-type Si single crystal wafer having a thick- 
ness of about 0.7 mm to 1.0 mm, as has been described, 
is prepared, and is formed all over its (100) plane 
with a thin buffering thermally oxidized film. Over 
this film, there is deposited by the CVD the Si 3 N^ 
film which has a thickness sufficient for the oxygen 
resisting mask. After this, this mask is rotationally 
applied to the whole surface of the aforementioned 
principal plane of the wafer. Then, the aforemen- 
tioned resist is patterned whereas the lower Si 3 N^ is 
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etched by the exposure process (i.e., Exposure Process 
1) of the present invention. Next, as shown in Fig-. 
8A, the portion to be formed into the n-well region is 
implanted with phosphor by using- the resist film 862 
or the like as the mask. Next, the resist film 862 is 
removed from the whole surface, and a thermally oxi- 
dized film is selectively formed over the n-well 863 
by using the SI 3 N 4 film 861 as the oxygen resisting 
mask. Next, the Si 3 N-i film 861 is removed from the 
whole surface, and the portion to be formed into the 
p-well is implanted with boron ( D" ) by using the oxide 
film 865 over the n-well as the mask for the ion im- . 
plantation. Next, the individual wells are subjected 
to an extension diffusion (or annealing with N 2 ) and 
an activation. After this, the oxide films 860 and 
865 are removed from the whole surface, and the thin 
thermally oxidized films 869a and 869b and the SinN-* 
film are formed all over the surface. Next, as shown 
in Fig. 8C, the patterning is so accomplished by the 
exposure process (i.e., Exposure Process 2) of the 
present invention as to leave the aforementioned Si 3 N^ 
film only in the active region to form the oxygen re- 
sisting masks 867a to 867c. After this, the resist is 
removed. Moreover, the resist film is applied to the 
whole surface, and an exposure (i.e., Exposure Process 
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3) Is accomplished by any method of the present inven- 
tion to cover the whole surface of the n-well with the 
resist 868. In this state, the regions 866a to 866d 
to be formed into the channel stoppers are implanted 
5 with boron ( D* ) ions. Next, the field oxide films 
870a to 870e are selectively formed by the thermal 
oxidations, as shown in Fig. 8D, by using the SisN-i 
films 867a to 867c as the mask. Next, these Si 3 N^ 
films 867a to 867c are removed from the whole surface, 

10 and the thin oxide films 869a and 869b are also remov- 
ed from the active regions. Then, the new gate oxide 
films 869a' and 869b' are formed again by the thermal 
oxidations (as shown In Fig. 8D) . 

Moreover, the whole surface is formed with the 

15 phosphor added poly-SI film by the vacuum CVD and Is 
coated with the applied resist. After this, this re- 
sist film is patterned (i.e., Exposure Process 4) by 
any of the methods of the present Invention and is 
used as the mask to pattern the gate electrodes 871a 

20 to 871d (as shown in Fig. 8E) . Next, the n-well is 

coated (I.e., Exposure Process 5) with the resist film 
873, and the regions 872a to 872e to be formed into 
the source/drain of the n-channel FET are doped with 
phosphor (P) ions in self -alignment with the aforemen- 

25 tioned individual gate electrodes by the ion implanta- 
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tion. After this, the resist 871b is removed. Like- 
wise, the p-well region is coated (i.e., Exposure Pro- 
cess 6) thereover with the resist film, and the re- 
gions 872x and 872y to be formed into the source/drain 
of the p-channel FET are doped like before with boron 
(B) ions (as shown in Fig. 8F) . Moreover, the side 
walls 875a to 875d are formed in self-alignment around 
the gates 871a to 871d by the well-known side wall 
process. As shown in Fig. 8F, moreover, the p-channel 
portion is coated (i.e., Exposure Process 7) with the 
resist 874, which is used as the mask to implant ar- 
senic (As) ions to form the n-type highly doped region 
of the LDD (Lightly Doped Drain). After this, the 
resist 874 is removed. 

As shown in Fig. 8G, moreover, the Si0 2 film 876 
is deposited all over the surface by the vacuum CVD. 
Next, by the resist pattern having wide opening (I.e., 
Exposure Process 8), the contact holes for forming the 
bit lines of the memory cell and the contacts of the 
substrate are formed in partial self -alignment . More- 
over, the poly-Si, WSi* and the vacuum CVD Si0 2 are 
sequentially deposited all over the surface and are 
coated (i.e., Exposure Process 9) with the photo re- 
sist to pattern the bit lines 877a and 877b. The bit 
lines are formed, and the resist is removed. After 
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this, the S10 3 is deposited all over the surface by 
the vacuum CVD , and the bit lines have their sides 
coated with the insulating film 878 (as shown in Fig. 
811). Next, the storage node electrodes of the memory 
5 and the contact holes of the substrate are coated 

(i.e., Exposure Process 10) with the photo resist, and ( 
the Si0 2 film 878 and the lower oxide film are etched 
to form the openings. Next, the poly-Si film to be 
formed into the storage node electrodes is deposited 

10 all over the surface by the vacuum CVD. Moreover, the 
poly-Si film of the whole surface is implanted with 
phosphor P) ions and is subjected to an activating an- 
nealing (with N 2 ) . This annealed film is coated 
(i.e.. Exposure Process 11) with the photo resist to 

15 pattern the storage nodes 879a and 879b, as shown in 
Fig. 811. After this, the resist is removed. 

As shown in Fig.' 81, moreover, the Si 3 N-* film to 
be formed into the capacitor insulating film is depos- 
ited by the vacuum CVD. Next, the S1 3 N 4 film is oxi- 

20 dized to a partial depth. Moreover, the phosphor add- 
ed poly-Si film to be formed into the capacitor plate 
is deposited over the Si 3 N^ film. Next, the resist 
film is applied to those films, and the unnecessary 
poly-Si and Si 3 N-i films are removed by their pattern- 

25 ing (i.e., Exposure Process 12) mask to form the capa- 
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citor insulating film 880 and the plate 881. After 
this, the resist is removed. 

As shown in Fig. 8 J , moreover, the n-channel por- 
tion is coated (i.e., Exposure Process 13) with the 
resist film, and the p-channel portion has its Si0 3 
film 878 removed. Next, ttie previous resist is re- 
moved, and the n-channel portion is then coated (i.e.. 
Exposure Process 14) with the resist films 882a and 
882b, which are used as the mask to implant the re- 
gions to be formed into the highly doped source/ 
drain regions of the LDD structure of the p-channel 
FET With boron (B~) ions. After this, the resist film 
is removed from the whole surface, and an annealing 
with N 2 is accomplished for activations. 

As shown in Fig". 8K, moreover, the SiOa film and 
the DPSG film are deposited all over the surface and 
are flattened by the re-flow. Next, the flattened 
films are coated with the photo resist and patterned 
(i.e., Exposure Process 15) to form the contact holes 
884a to 884e. Next, the upper surface of the p-chan- 
nel portion is coated (i.e.. Exposure Process 16) with 
the photo resist, and the n~-type n*-contact regions 
are formed by implanting the lower portions of the 
contacts of the n-type source/drain with (P) ions. 
The aforementioned resist is removed, and the n-chan- 
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nel portion is coated (i.e., Exposure Process 17) with 
the photo resist to form the p~-type p~-contact re- 
gions by implanting the lower portions of the contacts 
of the p-type source/drain with (B) ions. The afore- 
mentioned resist film is removed to accomplish the N 2 
annealing for the activation of the ion-doped layer - 
and for the re-flow of the BPSG films 883a to 883f . 

As shown in Fig". 8L, moreover, the whole surface 
is coated by the CVD with the surfacing TIN buffer 
layer and the wiring layer WSi 2 (tungsten silicide). 
The photo resist film is applied to those layers and 
patterned (i.e., Exposure Process 18) to a desired 
shape, which is used as the mask to form the silicide 
wiring lines 885a to 885c by the dry etching. After 
this, the unnecessary resist film is removed and is 
followed by the N 2 annealing. 

As shown in Fig, 8M, moreover, the inter-layer 
PSG film having the PSG/SOG/PSG structure is deposit- 
ed, and the portion other than the portions to be 
formed into the through holes is coated with the re- 
sist by the positive type resist process (i.e.. Ex- 
posure process 19). The dry etching is accomplished 
in this state to form the through holes. After this, 
the resist film is removed. 

As shown in Fig. 8N, moreover, the surfacing TiN 
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film to be formed Into the AJ^-1 and the Al wiring 
layer (containing- 99 wt . % of Al and 1 wt. % of Si) 
are deposited, and the resist is left only over the 
portion to be formed into the Al wiring- line by the 
negative process (i.e., Exposure Process 20) to form 
the Al-I wiring- lines 887a to 887d by the dry etching-. 
After this, the resist film Is removed. 

As shown in Fig. 80. moreover, the Inter-layer 
Insulating film 888 formed of the three layers, i.e., 
the plasma SiO a / the SOG (Spin-On-Glass) / the plasma 
SiOa Is deposited, and the through holes are formed by 
the dry etching: such that the portion other than the 
portions to be formed Into the through holes Is coated 
with the resist by the positive process (i.e., Ex- 
posure Process 21). After this, the resist is re- 
moved. Next, the whole surface is coated with the A_l 
wiring layer (containing- 99 % of Al and 1 % of Si) to 
be formed Into the A^-11, and only the overlying por- 
tion to be formed Into the wiring lines is coated with 
the resist film by the negative process (i.e., Ex- 
posure Process 22). As a result, the Al-II wiring- 
lines 889a and 889b are formed by the dry etching 
using that resist film as the mask. 

Moreover, the atmospheric PSG film (or final 
passivation) is deposited, and the overlying portion 
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other than the portions to be formed into the bonding- 
pads is coated with the resist film by the positive 
process (i.e., Exposure Process 23). This resist film 
is used as the mask to form tiie openings for the bond- 
ing pads by the chemical etching. 

Of the individual exposure processes thus far 
described, the Exposure Processes 2, 4, 9 to 11 , 15, 
and 18 to 22 can effectively adopt the phase shifting 
methods of the individual embodiments of the present 
invention. Of these, the multi-image plane projection 
exposure method, as exemplified in the individual em- 
bodiments of the present invention, is effectively ex- 
ploited in case there is a large step between the 
planes, to which the memory array portions 822a and 
822b and the peripheral circuit 823 belong, as shown 
in Fig. 8P. For the steps including the periodic 
wiring lines as in the Exposure Processes 9, 18, 20 
and 22, on the other hand, there are effective the 
phase shifting method (or phase inverted shifting 
method) which uses the mask of the mutual type opening 
(as shown in Fig. 611 of Embodiment 6 and Figs. 15A to 
15F of Embodiment 15). 
(9) Embodiment 9 

The concept for preparing the mask layout of the 
present invention and the theoretical background will 
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be described in the following:. 

Fig". 9A plots (in calculated numeral values), a- 
grainst a coordinate X along 1 the principal plane on the 
wafer, an amplitude intensity u (by broken lines) and 
an energy intensity I (by solid line) in case of 
lights coming from those two openings on a mask having- 
no ordinary phase shift, which are spaced by a (i.e., 
converted distance on the wafer). Thus, at the time 
of 5 : 1 size-reducing projection, for example, a con- 
structive interference is caused to give the solid 
curve I so that the peaks Ui and u 3 are not resolved, 
if the phase difference ^ 2 -^ x =A^ isOor equal 
to, 0 . 

This problem of resolution of a minute close ob- 
ject by the projection system is given by Rayleigh in 
the following formula, if the distance (converted on 
the wafer ) between two close points is 6 : 

S = 0.61 x X / NAx --------- (9.1), 

wherein: X : wavelength of exposing light; and 

NA X : NA (i.e., numerical aperture) of the 
projection system at the image side. 
If the case of i-line is taken into considera- 
tion, for example, X = 0.365 u m or NA - 0.4, and the 
resolution limit 6 = about 0.56 u m. As a result, if 
a pattern having a size equal (e.g., 200 to 50 % of A 
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) to that of the wavelength is to be projected, as 
shown in Fig-. 9A f there arises a problem that two 
lines merge into each other so that they cannot be 
separated . 

If, on the other hand, the luminous fluxes be- 
tween the two close openings, as shown in Fig. 9B, are 
given a phase difference n (or equal to it) (accord- 
ing to the phase inverted shifting method), a sharp 
drop of the energy intensity I appears in the vicinity 
of the origin so that the peak is resolved into two. 

Fig. 9C is a schematic diagram for explaining the 
principle of the multi-image plane phase shifting 
method, in which the phase difference A <f> between the 
main opening and the auxiliary opening is, set to other 
tha'n n or an equivalent value, as in Embodiment 3. 
This simplifies the optical action of the size-re- 
ducing projection system drastically. In the same 
Figure: reference numeral 991 designates an exposing 
luminous flux (having the wavelength X ; numeral 914 
designates a mask; numeral 921a designates a main 
opening (e.g., Ba of Fig. 3C (a)); numeral 921b desig- 
nates an auxiliary opening (e.g.. Do of Fig. 3C (b)); 
letter d designates the distance (converted on the 
wafer) between those openings; letter' 1 designates the 
distance between the mask and the image plane; and 
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letters li and 1* designate the optical paths from the 
individual openings to the screen 903 (or the image 
plane or wafer). The optical intensity I(x) on the 
screen is determined in the following manner. 

The resolution intensities u x and u 2 by the in- 
dividual openings are expressed by the following for- 
mulas, if the wave number is designated at k and if 
the phases are 4> x and <f> 2 : 

u x = A exp [- i (klx -0x)]----(9.2); 

and 

u 2 = D exp [- i (kl 2 - <f> *)] - - - - (9.3), 
For the composed light, the following formula 
holds: 

I(x) = I Ui + u 2 | 2 

= A 2 + D 2 + 2ADcos[kxd/l + <f> 2 - <f> x ] 

(9.4) , 

wherein li - 1 2 = xd/ 1^. 
Hence, if the change of 1 is A 1_ and if A ^ = <p 2 - 
4> x, the following formula holds: 

Al = 2/rd/A*Atf - -- -- -- --(9.5). 

It is understood that the image plane is changed for 
the change of A <f> . However, the present model is 
rough one and has to be corrected and confirmed by 
numerical calculations and experiments. 
(10) Embodiment 10 
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In the present embodiment, the projection expos- 
ing ultraviolet light source to be applied to each of 
the exposure processes of the present invention will 
be described in the following together with its peri- 
phery . 

Fig. 10A is a diagram enumerating the several 
characteristics of the exposure illuminating system to 
be used. In the same Figure, the partial coherence is 



generally designated at Greek letter "a " and defined 
by: 



Here,* letters NA C designate the numerical number of 
the Illuminating condenser lens at the mask side, and 
letters NA Q designate the numerical number of the ex- 
posure projection lens system at the mask side and are 
set at NAo = 0.4. Other ultraviolet light sources to 
be used for the exposure of the present invention are 
exemplified by: the deep UV spectrum (in the ultra- 
violet range) of 0.2 to 0.3 u m of a Xe-IIg light 
source; an excimer laser of around 0.2 u m; and an Hg 
arc emission other than the enumerated in the same 
Figure . 

Incidentally, the illuminations to be used in the 
present invention have the so-called "Kohler" struc- 
ture but can be practiced by other structure. 



a = NA C / NAo . 
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A specific example of the exposure illuminations 
will be described with reference to Fig. 19A. 
(11) Embodiment 11 

Here will be described a modification (corres- 
5 poriding to Embodiment 5) of the 5 : 1 size-reducing 

projection exposure system to be used for the exposure 
of the present invention. In the illumination system 
and exposure projection system, according- to the pre- 
Q sent embodiment, the lens actions for controlling the 

=0 10 two split luminous fluxes are individually accomplish- 

ill ed by identical lens systems only. This raises an ad- 

vantage that it is unnecessary to consider the aberra- 
tion difference in the lens system, which would other- 
wise become troublesome in case the paired lens sys- 
15 terns are individually used for the righthand and lef- 
thand luminous fluxes. The present exposure system is 
a two-side telecentric system, in which the mask (or 
object) side and the wafer (or image) side are tele- 
cent rically constructed . 
20 Fig. 11A is a simplified schematic section show- 

ing the illumination system and exposure projection 
system of the stepper according to the present embodi- 
ment. In the same Figure: reference numeral 1102 de- 
signates a light source for emitting the i-line of 
25 mercury; letter L designates an initial luminous flux; 
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numeral 1104 designates an illuminating optical lens 
system such as a condenser lens constituting- the koh- 
ler Illumination; letters Li and L 2 designate main and 
auxiliary luminous fluxes which are separated to have 
an Identical uniform intensity by the half mirror; 
numeral 1114a designates a main mask; numeral 1114b 
designates an auxiliary mask; numeral 1140a designates 
an optical path control chamber (for the main luminous 
flux) ; numeral 1140b designates an optical path con- 
trol chamber for the auxiliary luminous flux; letter 
L 1 designates a composed luminous flux; numeral 1115 
designates a projection lens system; and numeral 1103 
designates an exposed wafer. 

Since the lens system liable to establish dif- 
ferences in the various aberrations is commonly shared 
between the two luminous fluxes Li and L 2 in the pre- 
sent method, it is possible to enlarge the areas to be 
simultaneously exposed. Moreover, the phase shift can 
be adjusted to a desired value all over the field that 
can be exposed at one time, so that a high resolution 
can be achieved. 

Incidentally, the present embodiment should not 
be limited to the structure of Fig. 11A but can use 
two independent light source systems, for example. 
Since, in this case, the major lens system 1115 is 
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also shared between the main and auxiliary luminous 
fluxes in the lower half (i.e., downstream of the 
mask) of the optical system, it is possible to mini- 
mize the bad Influences based upon the difference in 
the aberrations of the two optical systems for the 
transfer characteristics of the patterns on the paired 
masks . 

Moreover, the present system can be applied to 
all the exposure methods for transferring: the patterns 
on the two masks simultaneously onto one wafer. 

Moreover, the simplified optical structure in 
Fig;. 11A is substantially identical for Fig-. 5A and 
Fig-. 5B. What is different resides in that the pre- 
sent embodiment is equipped with not the pre-lens 
groups 562a and 562b but the two-side telecentric 
projection lens system 1115 which is disposed at the 
position 515 of Fig. 5A. 
(12) Embodiment 12 

Here will be described a mask defect inspection 
system for inspecting: the mask of the present inven- 
tion . 

Fig. 12A Is a simplified schematic section of the 
mask Inspection system. In the same Figure: reference 
numeral 1252 designates a monochromatic light source 
of e-llne (having a wavelength of 546 nra) ; letter L 
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designates an initial inspection luminous flux; let- 
ters L x and L 2 designate the main and auxiliary lumi- 
nous fluxes of the divided inspection luminous fluxes 
which are evenly divided to have an unequal intensity 
like the foregoing exposure system; letters M x and M 2 
designate masks to be inspected; numerals 1240a and 
1240b designate optical path control chambers; numer- 
als 1265 designates a 1 : 1 projection lens system; 
letter L' designates a composed inspecting luminous 
flux; and numeral 1266 designates an optical detector. 

Incidentally, the projection lens 1265 may have a 
magnification larger than 1, if necessary, or may have 
a size-reducing power. In this size reduction case, 
however, the projection lens system under considera- 
tion has to be able to resolve the accompanying pat- 
tern . 

Next, the operations of the present system will 
be described In the following. The first operation to 
be described will be directed to the case, in which 
the mask M x to be inspected is an on-mask phase in- 
verted shifting mask whereas the reference mask Mas has 
an equal opening pattern but has Its shifter pattern 
(including accompanying pattern and complementary 
pattern) portion subjected to no phase shifting and 
having no phase shifting film. If, in this case, the 
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optical path control means 1240a and 1240b are ad- 
justed to equalize the optical paths Lx and L 2 (which 
may have a phase difference of 2n/r ) , the composed 
image can visualize no shifter pattern in a normal 
case. In case, on the other hand, the phase shift 
film has an abnormal thickness, the abnormal portion 
is detected as a bright portion by the detector 1266. 
Since, in this case, the corresponding 1 main pattern is 
focused as the bright spot, the relations between the 
defective portion and the main pattern can be clearly 
caugh t . 

"The second operation to be described will be di- 
rected to the case, in which the masks Mi and M 2 to be 
inspected are the main mask and the auxiliary mask, 
respectively, in the mask inspections for multi-mask 
phase inverted shifts. If, in this case, the optical 
path control means 1240a and 1240b are adjusted to set 
the phase difference to 0 or equal to 0 between the 
two optical paths Lx and La, there is focused on the 
image plane the composed pattern of the main pattern 
and the auxiliary (or accompanying) pattern. As a 
result, the defect can be totally decided by comparing 
the composed pattern and the designed pattern data of 
the mask electrically. 

The third operation to be described will be di- 

113 



rected to the case, In which both the masks M x and M 2 
to be inspected are those having such an accompanying 
pattern as cannot be resolved in the exposure projec- 
tion system, in the mask inspections (including- those 
having the phase differences other than n ) for the 
multi-mask phase inverted shift. If, in this case, 
the optical path adjusting means 1240a and 1240b are 
adjusted to set the phase difference to n or an equal 
value, the composed image of the normal accompanying 
pattern will either disappear or become weaker than 
that of the existing one. On the other hand, an ab- 
normal pattern, If any, will provide a clear bright 
portion. 

(13) Embodiment 13 

The present embodiment relates to a technology 

* 

which is effective If applied to the size-reducing 
projection exposure of a wafer having a chip region 
having a step on the surface, as In the memory IC such 
as a DRAM. 

Fig. 13A is a simplified sectional front eleva- 
tion (of the optical system) showing the step-and- 
repeat type 5 : 1 size-reducing projection exposure 
system of the same embodiment. In the same Figure: 
reference numerals 1302a and 1302b designate monochro- 
matic light sources (of i-llne) Independent of each 
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other and having an equal wavelength; letters Li and 
L 2 designate main and auxiliary luminous fluxes, re- 
spectively; numerals 1304a and 1304b designates main 
and auxiliary exposure illumination lens systems (or 
Kohler Illumination); numeral 1314a designates a main 
mask for exposing the basin (e.g., the peripheral cir- 
cuit in case of the memory IC) ; numeral 1314b desig- 
nates an auxiliary mask for exposing the plateau 
(e.g., the memory cell or memory mat in case of the 
memory) ; numerals 13341 and 1334J designate shielding 
portions corresponding to the plateau on the chip; 
numeral 133k designates a main pattern corresponding 
to the peripheral circuit pattern on the chip; numeral 
1344k designates a shielding portion corresponding to 
the basin on the chip; numerals 1344i and 1344J desig- 
nate auxiliary pattern portions corresponding to the 
memory mat on the chip; letter L' designates a com- 
posed luminous flux by the half mirror; numeral 1315 
designates a size-reducing projection lens system 
having Its object and image sides constructed in the 
telocentric manner; numeral 1303 designates an exposed 
wafer; numerals 1313i and 1313J designate plateaus (or 
the memory mat portions); and numeral 1313k or 1324 
designates a basin (or the peripheral circuit por- 
tion) . v 
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Fig. 13B is a top plan view showing" the arrange- 
ment of the regions on the waver, which correspond to 
the unit steps of exposure. In the same Figure: the 
region 1313, as enclosed by broken lines, is a total 
area to be exposed at the unit step, namely, a unit 
exposure region; numerals 1321 and 1322 designate 
first and second chip regions, respectively; numerals 
1323 and 1324 designate peripheral circuit portions of 
the individual chip regions; numeral 1313k designates 
a main exposure portion (i.e., an elongated rectangle 
defined by broken lines) corresponding to the basin or 
valley; and numerals 13131 and 1313J designate auxil- 
iary exposure portions corresponding to the higher 
land or plateau (at the two sides defined by broken 
lines) . 

Next, the operations of the size-reducing projec- 
tion exposure system of the present invention will be 
described in the following. In the present system, 
the exposure region 1313 is shared between the two 
masks 1314a and 1314b, which correspond to the memory 
mat regions 13131 and 1313J and the peripheral circuit 
portion 1313k. These regions are usually followed by 
steps, as shown (in Fig. 13A) . In tills case, those 
masks are separately moved on the Z-axis (i.e., the 
optical axis) so that the images of the individual 
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regions may be simultaneously exposed to be focused 
the corresponding" lanes of the resist film on the 



In this case, the light source Is exemplified by 
a plurality of light source lamps having an identical 
wavelength, the chromatic aberration of the projection 
lens system 1315 is influenced if the two lamps have a 
difference in wavelength. In order to avoid the in- 
fluences, the luminous flux from a single light source 
may be divided, as In Embodiment 12. 

Incidentally, the present stepper has Its projec- 
tion lens system 1315 shared between the luminous 
fluxes Li and L 2 and has its two sides (I.e., object 
side and Image side) formed to have the telecentric 
structure. Thus, the focal position can be changed 
without any change in the magnification by moving the 
individual masks finely in the Z-axis direction. 
(14) Embodiment 14 

In the present embodiment, the phase shifting ex- 
posure method (which will be called the "on-mask phase 
shifting method" herein) for forming a predetermined 
portion on the common mask with a transparent film for 
inverting the phase is applied to the present Inven- 
tion. 

Fig. 14A Is a simplified sectional front eleva- 



waf er . 
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tion (of the optical system) showing: the step-and- 
repeat type 5 : 1 size-reducing: projection exposure 
system of the same embodiment. In the same Figure: 
reference numerals 1402a and 1402b designate 
monochromatic exposure light sources of i-line, which 
are independent of each other; letters L x and L 2 de- • 
signate main and auxiliary luminous fluxes; numerals 
1404a and 1404b designate illumination lens systems 
constituting the Kohler illumination; numerals 1414a 
and 1414b designate main masks for exposing a prede- 
termined pattern in the lower portion (on the wafer) ; 
numeral 1414b designates an auxiliary mask for expos- 
ing a predetermined pattern of a higher portion on the 
wafer; numerals 1414x and 1414y designate synthetic 
quartz mask substrates; numerals 1414m and 1414n de- 
signate chromium screening portions; numerals 1414p 
and 1414q designate main openings corresponding to the 
pattern; numerals 1414s and 1414t designate phase in- 
verting transparent films disposed over the openings 
in a manner to correspond to the phase shifter; letter 
L' designates a composed luminous flux by the half 
mirror; numeral 1415 designates the 5 : 1 size-reduc- 
ing projection lens system which has its two object 
and image sides formed to have the telecentric struc- 
ture; numeral 1413k designates a lower portion on the 
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wafer (at 1403): and numeral 14131 designates a higher 
portion on the wafer. 

Figr. 14D Is a top plan view showing the unit ex- 
posure region on a wafer 1403 for explaining the ex- 
posure method of the present invention. In the same 
Figure: reference numeral 1413 designates a unit ex- 
posure region; numerals 1421 and 1422 designate chip 
regions corresponding to the chips of the memory; 
numerals 1423 and 1424 designate peripheral circuit 
portions corresponding to the lower portions on the 
individual chips; numeral 1451a designates a portion 
formed' with the opening 1414p, as shown in Fig. 14A; 
and numeral 1451b designates a portion formed likewise 
with an opening 1414q. 

Fig. 14C is a mask top plan view showing a speci- 
fic example of the mask in case predetermined pattern 
portions 1451a and 1451b at the aforementioned lower 
and higher portions having a slender pattern such as 
an isolated Al wiring line. The present mask cor- 
responds to the negative type resist process. In the 
same Figure: reference numerals 1414p and 1414q desig- 
nate opening patterns corresponding to the Al wiring 
lines, respectively; numerals 1414g and 1414h desig- 
nate slit-shaped opening patterns corresponding to the 
shifters, respectively; and numerals 1414s and 1414t 
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designate phase inverted films formed thereon. 

The operations of the stepper of the present em- 
bodiment will be omitted because they are absolutely 
identical to those of Embodiment 13. Since, in the 
present embodiment, the two regions having- a step can 
be simultaneously exposed by the on-mask phase shift- 
ing method, the present embodiment can be effectively 
applied to the exposure step, at which the DRAM having 
a large step, as in the preceding Embodiment 8, cannot 
resolve the fine size with the ordinary process. The 
present method is effective for all types of on-mask 
phase 'shifting methods. 
(15) Embodiment 15 

The present embodiment relates to the. method of 
forming a periodic or generally periodic A_l wiring 
pattern by making use of the multi-mask phase shifting 
method or the on-mask phase; shifting method of the 
present invention. 

Figs. ISA to 15C are wafer top plan views schema- 
tically showing the Al periodic pattern (on the wafer) 
according to the present embodiments 15A to 15C. In 
Fig. 15A: reference numeral designates a wafer top 
surface; numeral 1553 designates a unique pattern; 
numerals 1559 and 1560 designate adjacent patterns; 
and numerals 1551 and 1552 designate remaining peri- 
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odic patterns. In Fig. 15D: reference numeral desig- 
nates a unique pattern; numerals 1561 and 1562 desig- 
nates adjacent patterns; numerals 1554 and 1555 desig- 
nate remaining periodic patterns; and numeral 1503 
designates a wafer top surface. In Fig. 15C: refer- 
ence numeral 1558 designates a unique pattern cor- 
responding to the end portion of the periodic Al^ wir- 
ing pattern; numeral 1557 designates a remaining peri- 
odic pattern; and numeral 1503 designates a wafer top 
surface. 

Fig. 15D is a layout or a superposed layout show- 
ing the mask corresponding to the aforementioned Fig. 
15A. In Fig. 15D, solid lines Indicate the boundary 
between the opening patterns of the main mask, and 
broken lines indicate the boundary between the opening 
patterns of the auxiliary mask. In case of the on- 
mask phase shift mask, solid lines corresponds to the 
opening patterns of a phase shift "0" , and broken 
lines correspond to the opening patterns of a phase 
shift "n • As to the sizes, as shown In Figs. 15D to 
15F, the Al^ wiring lines have a width of 0.3 to 0.4 u 
m, and the Individual drawings are presented at a mag- 
nification of 1. 

In Fig. 15D (as will be described mainly In case 
of the multi-mask phase Inverted shifting method): 
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reference numeral 1514 designates a quartz mask sub- 
strate; numeral 1559a designates a main opening pat- 
tern corresponding to the A_l line 1559 on the main 
mask; numeral 1559b designates a shifter pattern on 
the accompanying auxiliary pattern; numeral 1553b 
designates a main opening pattern on the auxiliary 
mask, which corresponds to the Al line 1553; numeral 
1560a designates a main opening pattern on the main 
mask, which corresponds to the Al line 1560; numeral 
1560b designates a shifter pattern on the accompanying 
auxiliary mask; and numeral 1559c designates an aux- 
iliary opening pattern for eliminating the ghost which 
might otherwise be established as a result that it is 
equidistantly spaced from the openings 1559a and 1560a 
corresponding to the Al lines at the two sides. 

Fig. 15E is a mask layout corresponding to Fig. 
15B like the precedJng Fig. 15D. In the same Figure: 
reference numeral 1514 designates a mask substrate; 
numeral 1556a designates a main opening (on the main 
mask) corresponding to the Al line 1556 of Fig. 15B; 
numerals 1556b and 1556b* designate shifter patterns 
on the accompanying auxiliary mask; and numerals 1561b 
and 1562b designate opening patterns on the auxiliary 
mask, which correspond to the patterns 1561 and 1562. 
Fig. 15F is a mask layout corresponding to Fig. 
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15C like the preceding Figs. 15D and 15E. In the same 
Figure: reference numeral numeral 1558a designates a 
main opening on the main mask, which corresponds to 
the end Al wiring line 1558 of Fig. 15C; numeral 1558 
designates a shifter pattern on the corresponding aux- 
iliary mask; numeral 1557b designates a main opening 
on the auxiliary mask corresponding to one of the in- 
ner Al lines 1557; and numeral 1514 designates a mask 
substrate. 

Next, the method of using these masks will be de- 
scribed in the following. The description will be 
made at first with reference to Figs. 15C and 15F. In 
this dense periodic pattern, there Is used the mask 
layout of the type shown in Fig. 611. At the end por- 
tions of the periodic pattern, in this case, as deduc- 
ed from the amplitude distribution of Fig. 9B, the 
outer half of the end Al Unc 1 558 has a broad width 
because of no adjacent shift pattern (or complementary 
main pattern). m order to cancel the unnecessary ex- 
tension, therefore, there Is provided an additional 
accompanying opening pattern (or shifter) 1558b. 

Next, the case of Figs. 15B and 15E will be de- 
scribed in the following. In this periodic pattern, 
there is alternately used a mask layout which has a 
Phase shift of -» - or equal one. as shown in Fig. 6H. 
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In case only one is projected, as shown in Fig. 15B, 
or in case every several (or other one) ones are pro- 
jected, there arises a problem that the A.1 wiring 
lines 1556 at the projections are undesirably thicken- 
ed like before. This problem is eliminated by provid- 
ing the shifter patterns 1556b and 1556b'. 

Next, the case of Figs. 15A and 15D will be de- 
scribed in the following. In his periodic pattern, 
too, there is alternately used a mask layout which has 
a phase shift of ,f n (or equal one), as shown in Fig. 
611. In case, however, only one Is short (or every 
other or several ones are short) , as shown in Fig. 
15A, there arises a first problem that the individual 
inner sides of the A_l wiring lines 1559 artd 1560 are 
undesirably thickened. In case of the size, moreover, 
in which the amplitudes have their valleys overlapped, 
as shown in Fig. 9B , there arises a second problem 
that the ghost will appear inbetween. In order to 
solve the first problem, there are provided the accom- 
panying shift patterns 1559b and 1560b. In order to 
solve the second problem, on the other hand, there Is 
provided the auxiliary pattern 1559c (or the auxiliary 
accompanying pattern) . 

The technologies thus far described are effective 
especially if they are applied to the dense pattern 
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portion in the following processes: Processes 7P2 f 
7P4, 7P7 f 7P10 and 7P12; and Exposure Processes 2, 4, 
9, 11 , 18, 20 and 22 of Embodiment 8. Incidentally, 
the mask and exposure systems may be either the on- 
mask phase shift or multi-mask phase shift. 

(16) Embodiment 16 

The present embodiment explains the photo resist 
which is used for the exposure of the wafer of the 
present invention. The resist can be selected from 
Fig. 16A in dependence upon the wavelength of the 
monochromatic ultraviolet light source to be used for 
the exposure. 

The resist is evenly applied to a thickness of 
0.6 u m, for example, to the whole surface of the 
principal plane of the wafer by the spin coater. 

(17) Embodiment 17 

The present embodiment relates to an improvement 
of the mask to be used in the pair-mask or multi-mask 
phase shifting method. 

Fig. 17A is a schematic section showing an essen- 
tial portion of the optical system of the step-and- 
repeat type 5 : 1 size-reducing projection exposure 
system according to the present method. In the same 
Figure: reference numeral 1702 designates an ultravio- 
let monochromatic light source of I-line or the like 
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for a Hg lamp or the like; numeral 1704 designates an 
Illuminating: optical lens system for establishing- the 
Kohler illumination; letter L designates an illumina- 
tion light; letters Lx and L 2 designates divided il- 
lumination lights; numerals 1714a and 1714b designate 
main and auxiliary masks corresponding to the main 
divided light and the auxiliary divided light; numeral 
1751a designates a first main opening pattern cor- 
responding to a first isolated pattern; numeral 1754b 
designates a second main opening pattern corresponding 
to a second isolated pattern; numerals 1752a and 1753a 
designate second auxiliary opening patterns (or shift- 
ers) accompanying the aforementioned second main open- 
ing pattern; numerals 1755b and 1756b designate first 
auxiliary opening patterns accompanying the aforemen- 
tioned first main opening pattern; numerals 1740a and 
1740b designate optical path adjusting means or ad- 
justing chambers, as shown in Fig. 5C; letter L" des- 
ignates a composed light; numeral 1715 designates a 5 
: 1 size reducing projection lens system; numeral 1703 
designates an exposed wafer; and numeral 1709 desig- 
nates a photo resist film applied evenly to the 
aforementioned wafer 1703. 

Fig. 17B is a superposed mask top plan layout 
showing how the main opening patterns corresponding to 
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a number of isolated patterns are to be distributed 
over the main mask and the auxiliary mask. In the 
same Figure, the mask substrate 1733, in which the 
mask 1714a is superposed on the mask 1714b, is a pat- 
tern portion (for one shot) to be simultaneously ex- 
posed; circles indicated by solid lines in a square 
indicated by broken lines are the Individual main 
opening- pattern on the main mask 1714a; and circles 
indicated by broken lines are the individual main 
opening pattern on the auxiliary mask 1714b. 

Thus, the heating treatments of the two masks by 
the exposure lights can be made substantially identi- 
cal and even by distributing: the main opening- pattern 
evenly on the two masks. 
(18) Embodiment 18 

Fig. 18A is a schematic sectional front elevation 
showing an exposure optical system of a step-and- 
repeat type 5 : 1 size-reducing projection exposure 
system (or the stepper) for practicing the multi-mask 
phase shifting method (or the pair-mask phase shifting- 
method) according to one embodiment of the present in- 
vention. In the same Figure: reference numeral 1802 
designates an exposing light source (as has been de- 
scribed In detail in Embodiment 10) such as the I-line 
of the Hg lamp; letter L designates an original ex- 
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posure luminous flux; letter Lx designates a main ex- 
posure luminous flux; letter designates an auxilia- 
ry exposure luminous flux divided likewise; numeral 
1851 designates a prism for accommodating a light 
dividing half mirror 1806; numeral 1840 designates 
phase adjusting or optical path adjusting means such 
as the shifter, as indicated at 205 in Fig. 2A or in 
Fig. 5C or will be described in the following embodi- 
ments; numerals 1808a and 1807b designate main and 
auxiliary luminous flux mirrors, respectively; numer- 
als 1804a and 1804b designate prisms for accommodating 
the condensers for establishing the Kohler illumina- 
tions; numeral 1840 designates phase adjusting or op- 
tical path adjusting means such as the shifter, as in- 
dicated at 205 in Fig. 2A or in Fig. 5C or will be 
described in the following embodiments; numerals 1808a 
and 1807b designate main and auxiliary luminous flux 
mirrors, respectively; numerals 1804a and 1804b desig- 
nate prisms for accommodating the condensers for es- 
tablishing the Kohler illuminations; numerals 1814a 
and 1814b designate main and auxiliary masks; numeral 
1854 designates a composing prism for accommodating 
the composing half mirror 1813; letter L' designates a 
composing luminous flux; and numeral 1815 designates a 
5 : 1 size-reducing projection lens system which is 
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made telecentric at the two object and image sides. 
Numeral 1803 designates an exposed wafer, and numeral 
1881 designates a wafer state, as shown in Fig. 5A and 
Fig. 19A. 

Since, in the present embodiment, the main ex- 
posure optical axis extending through the wafer and 
the main illumination optical axis extending through 
the light source are perpendicular to each other, the 
optical paths for the main and auxiliary divided 
lights can be generally symmetrically constructed with 

relative ease. 

^Incidentally, the present system should not be 
limited to the phase shifting method but can naturally 
be widely applied to the exposure method using the two 
masks used in other embodiments of the present inven- 
tion . 

(19) Embodiment 19 

In the present embodiment, there will be describ- 
ed a specific example of the exposure illumination 
system for practicing the pair-mask phase shifting 
method (or the multi-mask phase shifting method) of 
the present invention and another example of the ex- 
posure optical system. 

Fig. 19A is a schematic sectional front elevation 
showing the exposure optical system of the step-and- 
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repeat type 5 : 1 size-reducing 1 projection exposure 
system of the present embodiment. In the same Figure: 
reference numeral 1902 designates a high-pressure mer- 
cury lamp; numeral 1982 designates an oval mirror; 
letter L designates an original exposure illumination 
luminous flux; numeral 1983 designates a first ref- 
lecting mirror (e.g., Al mirror); numeral 1985 desig- 
nates a shutter; numeral 1986 designates a fly-eye 
lens; numeral 1987 designates an aperture; numeral 
1988 designates a filter (e.g.. a short-cut-filter); 
numeral 1984 designates a second reflecting mirror 
(e.g., a cold mirror); numeral 1904 designates a con- 
denser lens constituting the Kohler illumination; nu- 
meral 1906 designates a half mirror for dividing the 
original exposure luminous flux L into the main and 
auxiliary exposure luminous fluxes L x and La ; numeral 
1940 designates optical path adjusting means or phase 
shifting plate (e.g., 205 of Fig. 2A or 540a and 540b 
of Fig:. 5A) , as exemplified in another embodiment; 
numeral 1907b designates a deflecting mirror for the 
auxiliary luminous flux L 2 ; numeral 1914 designates a 
mask bearing the main pattern and the auxiliary pat- 
tern; numeral 1961 designates a mask holder for hold- 
ing the mask as in another example and further for ad- 
Justing the X- , Y- and Z- directions, the 6 direction 
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and the gradient; numeral 1961c designates an opening 
at the center; numerals 1964a and 1964b designate ob- 
ject side projection lens systems for the main and 
auxiliary luminous fluxes; numeral 1949a designates a 
deflecting mirror for the main luminous flux La.; nu- 
meral 1913 designates a composing half mirror for com- 
posing the main luminous flux La. and the auxiliary L 2 
into the composed light L 1 ; numeral 1954 designates a 
composing prism for accommodating the half mirror; nu- 
meral 1915 designates an image side lens system form- 
ing part of the 5 : 1 size-reducing projection lens 
system which is made telecentric (as in Embodiment 11) 
at the two object and image sides separately of the 
foregoing object side lens systems 1964a and 1964b; 
numeral 1903 designates an exposed wafer; numeral 1976 
designates a wafer sucking tale acting as the 6 drive 
table; numeral 1977 designates a vertical or Z-axis 
carriage; numeral 1979 designates a carriage in one 
horizontal direction, i.e.. the X-axis; and numeral 
1980 designates a carriage in another horizontal di- 
rection, i.e., the Y-axis. 

In the present embodiment, the mask substrate is 
single so that the main and auxiliary masks need not 
be matched . 
(20) Embodiment 20 



131 





The present embodiment will be described in con- 
nection with the two-dimensional local variable shift- 
er plate which can be used as the optical path adjust- 
ing- means or the shifter plate in another embodiment. 

Fig. 20A is a simplified sectional front eleva- 
tion showing- the stepper, in which the variable shift- 
er of the present embodiment is either replaced by the 
shift plate 1040 of Fig. 19A or added to the same. In 
the same Figure: reference numeral 2002 designates an 
ultraviolet or far ultraviolet lig-ht source, as shown 
in Fig. 10A or 19A; letter L designates an original 
exposure luminous flux; numeral 2091 designates a 
phase detector, i.e., a scanner for measuring the 
phase of the original exposure luminous flux in the 
coordinates (x, y) on the field; numeral 2006 desig- 
nates a half mirror for dividing the original exposure 
luminous flux L into the main luminous flux L x and the 
auxiliary La ; numeral 2040 designates a two-dimension- 
al variable phase shifting plate or shifter for set- 
ting the difference A <f> (x, y) between the phase of 
the coordinate (x, y) of the main luminous flux Lx and 
the phase of the same coordinate of the auxiliary lu- 
minous flux L 2 locally (for each minute portion) to a 
desired value; and letters Lx(x, y) and L 2 (x, y) des- 
ignate the coordinates (x, y) of the individual lumi- 
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nous fluxes Li and L 2 . Numeral 2014 designates a mask 
carrying- the main pattern and the auxiliary pattern at 
a distance on one mask. It is exaggerated in the 
drawing that the masks have different thicknesses in 
the individual portions so that the phase shifts at 
the time of mask passage depend upon the coordinates 
(x t y). Numeral 2049a designates a deflecting- mirror 
for the main luminous flux L x ; numeral 2013 designates 
a composing half mirror for composing the main lumi- 
nous flux Lx and the auxiliary luminous flux L 2 into 
the composed light L'; letters <fi x (x, y) and <f> z (x, y) 
designate the phases of Lxfx, y) and L*(x, y) desig- 
nate in the reference plane immediately before the 
composition; numeral 2015 designates a projection lens 
system which constitutes the 5 : 1 size-reducing pro- 
jection system by itself or together with another lens 
group and which is made telecentric at the two object 
and image sides by the projection lens system. Numer- 
al 2003 designates an exposed semiconductor wafer, and 
numeral 1092 designates a variable shifter control 
circuit for controlling the phase difference A <f> to a 
constant and even value over the whole exposure field 
(or unit shot) on the basis of the phase difference A 
<t> (x, y) between the divided lights having the coor- 
dinates (x, y) detected by the scanner 2091. 
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Fig. 20D is an enlarged view showing one prin- 
cipal plan of the aforementioned variable shifter 2040 
of Fig. 20A. In the same Figure, reference numeral 
2040a designates a number of square transparent elec- 
trodes, and numeral 2041 designates gaps having no 
electrode. If the width of these gaps is set to a 
value equal to or smaller than the size corresponding 
to the minimum resolution size on the wafer, the 
noises coming from the gaps can be effectively reduc- 
ed. The aforementioned square electrodes has a side 
of about 20 m rn to 200 u m , for example. Moreover, 
the position of the variable shifter on the optical 
path is desired to be located in the vicinity of the 
optical axis of the optical member for compensating 
15 the phase dispersion. Specifically, the variable 

shifter Is effectively arranged on the optical axis in 
the vicinity of the mask in case the maximum cause for 
the phase dispersion in the single shot is based upon 
the mask substrate. 

Fig. 20C is a section taken along line X - X of 
Fig. 20B and showing the variable shifter. In the 
same Figure: reference numeral 2042 designates one of 
the electrooptical crystals, as shown in Fig. 20d, 
which have the Pockels effects; numerals 2040a and 
2040b designates square transparent electrodes (or 
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segments) opposed to each other; and numeral 2043 
designates a transparent insulating film. This in- 
sulating film 2043 is formed with transparent wiring 
lines which have a width smaller than the minimum 
resolution size (converted on the wafer) so that de- 
sired voltages can be independently applied to the in- 
dividual segments. The aforementioned variable shift- 
er control circuit 2092 compensates the dispersion of 
the phase difference A <fi at the single shot, i.e.. in 
the single step exposure region by controlling the 
voltages of the numerous segments through those wiring 
lines . 

(21) Publications for Supplementing the Disclosure of 
the Present Invention 

The theoretical description of the on-mask phase 
shifting exposure method, the method of forming the 
mask, the method of calculating the patterns, and the 
experimental data are made in the following and will 
form part of the description of the embodiments of the 
present invention. Specifically: Japanese Patent Ap- 
plication No. 295350/1988 (filed on November 2, 1988); 
Japanese Patent Application No. 257226/1989 (filed on 
October 2. 1989); corresponding U . S . P . No. 07/437,268 
(filed on November 16, 1989); Japanese Patent Publica- 
tion No. 50811/1987; on pages 74 to 75 of "Nikkei 
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Micro Devices". May. 1990; on pages 1828 to 1836 of 
vol. ED-29. No. 12. December 1982. p. Levenson et al . 
"Improving Resolution In Photolithograph with a Phase 
Shifting Mask"; and on pages 325 to 332 of "Projected 
Image Distortion Correction of 1 u m Processing Photo 
Mask Pattern", vol. J68-C No. 5, May 1985. Reports of 
Japanese Electron Communication Association. 

Since the Japanese Patent Laid-Open No. 171123/ 
1987 discloses the exposure illumination system using 
the high-pressure mercury lamp, this will also be in- 
cluded in the description of the embodiments of the 
present invention. 

Since the Japanese Patent Laid-Open No. 22626/ 
1986 discloses the structure of the projection lens 
system having the two-side telecentrlc structure, this 
will also be included in the description of the em- 
bodiments of the present invention. 

Since the Japanese Patent Laid-Open No. 43420/ 
1986 discloses the technology for forming the mask by 
using the electron beam, this will also be Included In 
the description of the embodiments of the present in- 
vention. 

The effects of the representative of the inven- 
tion to be disclosed herein will be briefly described 
25 in the following. 
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When a predetermined pattern, which is formed on 
a mask and composed of a shielding- region and a trans- 
parent region, is to be transferred onto a specimen to 
be illuminated, by irradiating the mask with a light 
and irradiating the specimen with the light having 
passed through the transparent region of said mask, 
the light emitted from a light source is divided into 
two lights, and the phases of the two lights im- 
mediately after having passed through different por- 
tions of said mask are opposed to each other by chang- 
ing the individual optical lengths for said two lights 
to reach said mask. After this, said two lights are 
composed to illuminate said specimen. According to 
the above-specified means, the two lights immediately 
after having passed through the different portions of 
the mask have their phases opposed to each other and 
are then composed to illuminate the specimen. As a 
result, one light having passed through a predeter- 
mined transparent region on the mask and the other 
lieht having passed through another transparent region 
on the mask interfere with each other and are weakened 
in their boundary regions at the portions, in which 
they are arranged close to each other, so that the 
projected image has its contrast improved drastically. 
As a result, the transfer precision of the pat- 
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tern can be Improved without requiring a long time and 
much labor for fabricating the mask. 
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